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Several models o f animal a s s o c ia tiv e  le a rn in g  a re  described . The 
evidence f o r  the  concept o f a s s o c la b l l l ty  Is  review ed. The rev iew  
con ta ins  a d e ta ile d  account o f b lo c k in g , in c lu d in g  the  M ackintosh, 
Bygrave and P lc to n  (1977) experim ent. I t  Is  shown th a t  the  two m ajor 
a s s o c la b l l l ty  models need to  be m o d ifie d , m a th em a tica lly , to  s im u la te  
the  re s u lts  o f th is  experim ent. A gene ra l, s im ple framework f o r  
In v e s t ig a t in g  p u ta tiv e  a s s o c la b l l l ty  changes Is  suggested. A review  
o f s tim u lus  pre-exposure e f fe c ts  Is  pu t In to  t h is  framework, and 
In d ic a te s  a s u ita b le  d ire c t io n  f o r  research .
The experim ents looked fo r  a s s o c la b l l l ty  changes o f bo th  
cond ition ed  and uncond itioned s t im u l i .  Sometimes the  s tim u lu s  was a 
p re d ic to r  o f subsequent even ts ; I f  n o t.  I t  was p re d ic te d  by another 
s tim u lu s . A v a r ie ty  o f procedures was employed. Experiments 1, 2, 
and 3 t r ie d  to  re p lic a te  and extend previous work w ith  a cond itioned  
s tim u lu s  p re d ic t in g  subsequent even ts, b u t they were unsuccessfu l. 
Experiments 4, 5, 6, 7, and 8 In v e s tig a te d  whether cond ition ed  and 
unconditioned s t im u li  would change In  a s s o c la b l l l ty  when they were 
w e ll p re d ic te d . U n fo rtu n a te ly , the  data were d i f f i c u l t  to  in te r p r e t .  
An a p p e tit lv e -a v e rs lv e  t ra n s fe r  paradigm was used in  Experiments 9, 
10, and 11; the re  was some evidence th a t  a tone cou ld  change In  
a s s o c la b l l l ty ,  bo th  when I t  was a c t in g  as a p re d ic to r ,  and when I t  was 
being p re d ic te d . A lte rn a t iv e  in te rp re ta t io n s  were a lso  d iscussed. In  
Experiments 12 and 13, a shock was used to  p re d ic t  th e  occurrence o f 
food ; and the re  was no evidence th a t  the  a s s o c la b l l l ty  o f the shock 
cou ld  be Increased In  t h is  way.
'•r l
.Chapter 1
A r is to t le  (see E n g lish  t ra n s la t io n :  P r io r  A n a ly t ic s ,  1978)
be lieved  th a t a l l  fo rm a l reason ing could be reduced to  s y l lo g is t ic  
reason ing . A sim ple sy llo g is m  takes the  fo rm : i f  A . . .  B, and B . . .
C, then A . . .  C. Here, the  u n i t  o f  knowledge Is  two ’ th in g s ’ A and B 
lin k e d  by the  r e la t io n  ’ . . . ’ , eg, A = the  Sun, B = h o t, . . .  = I s ,
hence, the Sun Is  h o t.
Th is b e l ie f ,  somewhat em be llished , has been a dominant way o f
rega rd ing  knowledge, and has been taken up by animal le a rn in g
th e o r is ts .  Thus, f o r  an im a ls , to o , the  bas ic  u n it  o f knowledge must 
take  the form  A . . .  B, hence the goal o f  anim al psychology Is
tw o - fo ld :  F i r s t ,  how and when do animals le a rn  these bas ic  u n its  le ,
how do they assoc ia te  A and B? Second, are  anim als able to  m anipula te
knowledge once acqu ired le ,  can they perform  sy llog ism s I f  they know
the premises?
This approach to  le a rn in g  has g re a t appeal because I t  s p e c if ie s  a 
workable s c ie n t i f i c  s tra te g y . Give anim als sim ple tasks  o f the  fo rm  A 
. . .  B to  le a rn . When I t  Is  understood how th is  task  Is  perform ed, we
can then b u ild  up a model o f how an animal rep resen ts  the  w o rld , us ing
these bas ic  u n its .  Lending support to  th is  v iew , Dlez-Chamlzo, S te r lo  
and M ackintosh (1985) have provided s u b s ta n tia l evidence f o r  the  Idea
th a t  the  way ra ts  le a m  to  f in d  food In  a r ^ a t l v e l y  complex maze
ta s k . Is  governed by the  same p r in c ip le s  as the  way ra ts  assoc ia te  a
tone and shook In  a r e la t iv e ly  sim ple Skinner Box ta s k . This suggests
th a t  ra ts  b u ild  up a p ic tu re  o f the  w o rld  from  simple u n its  o f 
knowledge,
A few words should be sa id  about the  focus o f the  approach used.
Only b r ie f ly  a t  the  end, do I  mention neuroanatcm ical research  in  
reg io ns  such as the  hippocampus (eg, O’Keefe and Nadel, 1978), o r  
c e l lu la r  processes invo lve d  In  le a rn in g  (eg, Hawkins and Kandel,
1984). The reason f o r  th is  n e g le c t is  th a t  lo o k in g  in s id e  the 
a n im a l’ s head has n o t y e t to ld  us anyth ing  about behaviour. Skinner 
has repea ted ly  asserted t h is :  ’’Neurology w i l l  e v e n tu a lly  g ive
beh a v io ra l science what DNA has g iven  g e n e tics , b u t I t  has no t done so 
y e t . . . ”  (S k inner, 1984, p707). Thus, neuroscience Is  p ro v id in g
in s ig h t  in to  the b ra in  mechanisms by which anim als le a rn , b u t has to ld  
us no th ing  about the  mental o r c o g n it iv e  processes them selves. I t  Is  
hoped th a t research  a long the  l in e s  described In  th is  th e s is  w i l l  lead 
to  an Improved understanding o f how animals behave; th is  should he lp  
unrave l the  b ra in  mechanisms which mediate th is  behaviour. Th is  Is  
because we on ly  knew the  consequences o f a l l  m an ipu la tions  on the 
b ra in  by the  changes In  behaviour e l ic i t e d .  So un less we know how to  
In te rp re t  these changes in  behav iour, we w i l l  f in d  I t  most d i f f i c u l t  
to  in te rp re t  the  b ra in  m a n ip u la tio n s .
L ikew ise , th e re  are  many e x c it in g  modern advances In  s in g le  u n it  
analogues o f a s s o c ia tiv e  c o n d it io n in g , In  the  s p i r i t  o f  Hebb (1949),
(eg, S u tton  and B a rto , 1981), and a ls o  in  d is tr ib u te d  (eg, m a tr ix )  
memory systems (eg, W lllshaw , 1981). These s o p h is tic a te d  m athematical 
models o f le a rn in g  are  e le g a n t, and appear to  have come the  c lo s e s t to  j
r e f le c t in g  the  p h ys ica l w orkings o f mental l i f e .  They can be seen as
‘ I
a b ridge  between mind and b ra in ,  o r  animal le a rn in g  th e o rie s  and
neu ra l s u b s tra te s . B u t, l i k e  neuro logy, they have not g iven  us any 
In s ig h t In to  the  le a rn in g  th e o r ie s  themselves.
Can understanding animal behaviour and I t s  neu ra l subs tra tes  In  a 
l im ite d  number o f species and experim enta l s itu a t io n s  be genera lized  
to  o th e r species and s itu a t io n s ,  In c lu d in g  people In  complex 
s o c ie tie s ?  A lthough I  am o p t im is t ic  th a t  such research  w i l l  
e v e n tu a lly  p rov ide  Im po rtan t In s ig h ts ,  th is  que s tion  Is  p re s e n tly
unanswerable because our understand ing in  t h is  m a tte r Is  so l im ite d .  
For th is  reason, I  do no t d iscuss  p o te n t ia l a p p lic a t io n s , such as the  
d e r iv a t io n  o f c l in i c a l  trea tm en ts  f o r  depression from  knowledge o f 
’ learned he lp lessness ’ In  an im a ls, (Sellgman, 1975). To put th is
another way. I t  Is  necessary to  know hew anim als le a rn , be fo re  
a tte m p tin g  to  app ly  t h is  knowledge to  people; b u t th e re  has re c e n t ly  
been an exp los ion  in  Ideas and th e o r ie s  o f  anim al le a rn in g ; u n t i l  
th e re  Is  a consensus about how anim als le a rn , we cannot c o n f id e n t ly  
extend th is  knowledge to  people.
So, I  d iscuss animal le a rn in g  th e o rie s  In  Is o la t io n .  And, as
th is  Is  an immense f i e l d ,  I  focus on a s s o c la b l l l ty  th e o r ie s .
Throughout, the  Ideas o f a s s o c la b l l l ty  are con tras ted  w ith  Wagner’ s 
(1978) th e o ry , which does n o t In vo lve  th is  concept, bu t accounts f o r  
much o f the  re le v a n t da ta .
0
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2£m  THEORIES SK ANIMAL LEARNING
I t  was Pavlov (1927: E n g lish  t ra n s la t io n )  who f i r s t  showed th a t
anim als can le a m  to  assoc ia te  two even ts, I f  the  f i r s t  Is  i n i t i a l l y  
n e u tra l,  such as a b e l l ,  and the  second Is  m o tiv a t io n a lly  s ig n if ic a n t ,  
such as food . A m o tiv a t io n a lly  s ig n if ic a n t  event Is  c a lle d  an 
uncond itioned s tim u lu s  (US); as the  measurable responses o f the  
an im a l, such as s a l iv a t in g ,  on food p re s e n ta tio n , a re  e l ic i te d  a t  the 
s ta r t  o f the  experim ent. A n e u tra l event Is  c a lle d  a cond ition ed  
s tim u lu s  (CS) as s a l iv a t in g  e tc  w i l l  no t be observed to  t h is  event 
be fo re  the  experim ent; th e  s a l iv a t in g  a t the  sound o f the  b e l l  is  
conditional upon the  animal le a rn in g  the  CS— >US r e la t io n .  In  th is  
example, the f i r s t  event (E l)  Is  a CS, and the  second event (E2) Is  an 
US.
However, I t  was much la te r  th a t  Kamln (1968, 1969) In troduced  the 
Idea th a t the second event needed to  s u rp r is e  the  anim al f o r  le a rn in g  
to  occur. I f  th e re  are  many t r i a l s  o f P (a n e u tra l s tim u lu s ) fo llo w e d  
by the m o tiv a t io n a lly  s ig n if ic a n t  second event (E2), then subsequent 
compound t r i a l s  o f P and Q (ano ther n e u tra l s tim u lu s ) fo llo w e d  by E2 
leads to  l i t t l e  le a rn in g  o f Q— >E2, compared w ith  anim als who d id  no t 
re ce ive  the  f i r s t  stage (Kamln, 1969). Kamln thought the  knowledge 
th a t P le d  to  shock 'b locked* le a rn in g  th a t  Q a lso  le d  to  shock. 
L a te r researchers have c o n tro lle d  f o r  the  number o f E2 exposures In  
stage one (eg, R escorla , 1971b), so th a t  th is  phenomenon o f  'b lo c k in g ' 
Is  no t s im p ly  due to  h a b itu a t io n  to  E2.
;
W ith  b lo c k in g , we can see th a t  the  a b i l i t y  o f the  animal to
' /connect Q and E2 depends In v e rs e ly  upon the  s tre n g th  o f the  P— >E2
(c a lle d  'lambda* In  most papers).
*  A l l  symbols have constan t meaning throughout th is  s c r ip t ,  except 
In  ta b le s  where the meaning Is  exp la ined by the  key.
a s s o c ia tio n . Kam ln's Idea th a t  the  occurrence o f E2 had to  be
-'As u rp r is in g  to  a llo w  Q— >E2 le a rn in g  was fo m a llz e d  by Rescorla and 
Wagner (1972), as se t ou t below:
:|Reaoorla-Wagner Theory, -(Hss.o,prla and Wagner. 1972) % ^
dV(p) = S(p) B [L -V (s ) ]» A
d = 'th e  change i n ' .
V (p) = the  a s s o c ia tiv e  s tre n g th  between the  s tim u lu s  P (E l)  
and the US (E2) re p re s e n ta tio n s .
S(p) = ra te  le a rn in g  parameter dependant upon P (E l)  le ,  I t s  sa lie n c e .
B = ra te  le a rn in g  parameter dependant upon the  E2 le .  I t s  sa lien ce  "
■ y;
(c a lle d  'b e ta ' In  most papers). 'M
L = asymptote o f a s s o c ia tiv e  le a rn in g  th a t  can accrue to  the  E2
V (s) = sum o f the  a s s o c ia tiv e  s tre n g th s  o f a l l  E ls  p resen t, f o r  th a t
p a r t ic u la r  E2. .
iThe express ion  C L-V (s)] Is  the  d iffe re n c e  between f u l l ,
asym ptotic  knowledge about the  E2, and the a c tu a l amount o f knowledge ;
conveyed by the  s t im u l i  p resen t on th a t  t r i a l .  That Is ,  [L -V (s )3
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t h is  model, le a rn in g  an a s s o c ia tio n  between two events depends upon 
the  tem poral c o n t ig u ity  between an I n i t i a l  event (E l ) and an 
unp red lc ted  subsequent event (E 2). I f  E2 Is  f u l l y  p re d ic te d , no 
le a rn in g  w i l l  occur; I f  E2 Is  p re d ic te d  bu t absent, nega tive  le a rn in g , 
th a t  Is  cond ition ed  I n h ib i t io n ,  w i l l  occur ( le ,  th a t  E l p re d ic ts  the  
absence o f E2). The e f fe c t  o f  El on the  amount le a rn t  on each t r i a l  
( le ,  the  Increase In  the  s tre n g th  o f the  a s s o c ia tio n  between El and 
E2) Is  considered co n s ta n t, b u t the  e f fe c t  o f E2 changes w ith  p r io r  
experience; the  more p re d ic te d  o r expected the  E2 becomes, the  le s s  Is  
le a m t  per t r i a l .
I t  should be n o tice d  th a t th e re  are two ra te  le a rn in g  parameters 
dependant upon the  E2. Rescorla and Wagner (1972) described t h e ir  
d i f f e r e n t  fu n c t io n s  as fo llo w s :  "The betas are  le a rn in g  ra te
parameters associa ted  w ith  the  USs. The assignment o f d i f f e r e n t  beta 
va lues to  d i f fe r e n t  USs In d ic a te s  our assumption th a t  the  ra te  o f 
le a rn in g  may depend upon the  p a r t ic u la r  US em ployed." (p76) And: "The
L va lues rep resen t the  asym pto tic  le v e l o f a s s o c ia tiv e  s tre n g th  which 
each US w i l l  supp o rt; presumably d i f fe r e n t  USs w i l l  y ie ld  d i f fe r e n t  
asym pto tic  le v e ls . "  (p76)
The c e n tra l fe a tu re  o f the  Rescorla-Wagner theo ry  Is  th a t  an US 
has to  be s u rp r is in g  f o r  le a rn in g  to  occur ( le ,  [L -V (s ) ] ) .  Th is  
fe a tu re  n e a tly  exp la ins  Kam ln's b lo c k in g  e f fe c t ,  and has p re d ic te d  
severa l o th e r e f fe c ts ,  w hich w i l l  n o t be discussed here . A lso , th is  
fe a tu re  Is  in co rp o ra te d . In  one way o r ano ther. In to  a l l  the  o th e r 
le a rn in g  th e o r ie s  w hich I  s h a ll d iscuss .
An im portan t l im i t a t io n  o f the  Rescorla-Wagner theo ry  Is  th a t  
exposure o f the  El on I t s  own, p r io r  to  E l— >E2 p a ir in g s , reduces the
observed ra te  o f le a rn in g  th is  a s s o c ia tio n . I t  should be noted th a t  
th is  is  n o t g e n e ra lly  the  case in  maze experim ents (see M ackintosh, 
1983, p i 1 -12), where maze pre-exposure o fte n  f a c i l i t a t e s  le a rn in g : 
th is  Is  thought to  be due to  the  tim e re q u ire d  to  le a m  the re la t io n s  
between th e  v a r io u s  s t im u l i  th a t  make up the  maze and I t s  environm ent, 
as w e ll as h a b itu a t io n  o f any I n i t i a l  fe a r fu l  re a c t io n  to  the  maze. 
However, the  concern, here , Is  w ith  Skinner box experim ents, where no 
such p re - le a rn lh g  Is  necessary. Th is Skinner box El pre-exposure 
phenomenon has been termed la te n t  in h ib i t io n  (Lubow and Moore 1959).
Wagner (1978) has suggested th a t  la te n t  In h ib i t io n  r e la t in g  to  El 
can be regarded In  e x a c tly  the  same way as E2 was regarded by Rescorla 
and Wagner (1972). For t h is  to  make sense, I t  Is  necessary to  Inc lude  
the  con te x tu a l s t im u l i  (C) In  the  a n a ly s is . C rep resen ts  the  general 
con tex t In  which the  experim ent takes p lace , and Inc ludes such th in g s  
as the  house l i g h t ,  c o lo u r o f the  w a lls  and tim e o f day. T he re fo re , 
El can be p re d ic te d  by C, In  the  same way as El p re d ic ts  E2. So when 
th e  E l Is  p re d ic te d  by the  c o n te x t, th e  E l Is  no lo n g e r s u rp r is in g ,  
and w i l l  n o t be le a m t  about. That E l must be s u rp r is in g  f o r  le a rn in g  
Is  represented by [H -U (s)3 , which Is  e x a c tly  analogous to  C L -V (s )], 
which In d ica te d  th a t  E2 needs to  be s u rp r is in g .
This Idea o f co n te x tu a l cues has the  added advantage th a t I t  
a llow s fo r  an easy e xp la n a tio n  o f the  con d itio n e d  In h ib i t io n  th a t  
occurs w ith  unpaired El and E2 t r i a l s :  When E2 occurs In  the  presence
o f C, a C-E2 a s s o c ia tio n  w i l l  deve lop; when El then occurs In  the  
presence o f C, E’2 w i l l  be expected, and so E l— >no E2 le a rn in g  occurs 
when E2 repea ted ly  does n o t m a te r ia liz e  a f te r  El •
Eagnsr .TWory Isa,. Hagiar.,. J,9.Z^ .
dV(p) = S(p) [H -Ü (s )] B [L -V (s ) ]
H = asymptote o f a s s o c ia tiv e  le a rn in g  th a t  can accrue to  
s tim u lu s  P ( E l) .
U (s) = sum o f the  a s s o c ia tiv e  s tre n g th s  o f a l l  s t im u l i  present 
f o r  s tim u lu s  P ( E l) .
Note: Wagner a c tu a l ly  proposed: dV(p) = S(p) [H -U (s)-M ] B
[L -V (s )-N ] where M and N are  fa c to rs  dependant upon recen t 
p re se n ta tio n s  o f E l and E2 re s p e c t iv e ly .  I  s h a ll no t d iscuss 
these s h o rt-te rm  e f fe c ts .
•  See page 96 f o r  the  d e f in i t io n  o f suppression r a t io s .
Wagner's model s u c c e s s fu lly  accounts f o r  many observed phenomena
'.'A
In  animal experim ents, b u t M ackintosh, Bygrave and P lc to n  (1977) 
performed an experim ent which the  model does no t r e a d ily  e x p la in  
(Table 1).
Groups 0 and Sh d id  no t d i f f e r  s ig n i f ic a n t ly  In  suppression 
r a t io s * ,  no r d id  Groups 0-0 and 0-Sh, o r  Groups Sh-0 and Sh-Sh. 
T he re fo re , the  s u rp r is in g  second shock on the  la s t  shock t r i a l  d id  n o t ilîç
n o tic e a b ly  Increase le a rn in g  o f the tone-shock a s s o c ia tio n . But 
Groups Sh-0 and Sh-Sh showed g re a te r  suppression than Groups 0-Sh and
-, ..V
0-0 . A lthough the  d if fe re n c e  In  these p a irs  o f  groups Is  the  second |
shock on the  f i r s t  compound t r i a l ,  the  d iffe re n c e  In  suppression 
cannot s im p ly be due to  g re a te r tone-shook le a rn in g  on t h is  t r i a l ,  as 
Groups 0 and Sh d id  no t d i f f e r ;  ra th e r ,  th is  e x tra  shock must have i
I
TABLE Is DEMONSTRATION OF A CHANGE IN El LEARNING RATE
Stage 1 Stage 2 Test (suppress ion
Groups 4 t r i a l s  1st t r i a l  2nd t r i a l  r a t io )
0 L——^ Sh TL— ^ Sh T (0 .16 )
Sh L— ^ Sh TL— ^ Sh-10-Sh T (0 .1 3 )
0—0 L— ^ Sh TL——^ Sh TL— ^ Sh T (0 .1 0 )
0—Sh L— ^ Sh TL——^ Sh TL— > Sh—10—Sh T (0 .0 9 )
Sh-0 L——^ Sh TL— > Sh—10—Sh TL— > Sh T (0 .0 1 )
Sh-Sh L——^ Sh TL——^ Sh—10—Sh TL——^ Sh-10-Sh T (0 .02 )
Key: L = L ig h t ,  T = Tone, Sh = Shock, -1 0 - = 10 second de lay 
This experim ent was performed by M ackintosh, Bygrave and P lc to n  
(1977, Experiment 3 ) .
caused g re a te r le a rn in g  on t r i a l  2.
To m a in ta in  Wagner's model, we need to  p o s tu la te  th a t the  g re a te r 
le a rn in g  on t r i a l  2, a f te r  a double shock on t r i a l  1, Is  due to  the 
to n e - l ig h t  a s s o c ia tio n . Thus on t r i a l  1, In  Groups Sh-0 and Sh-Sh, 
the  l i g h t  acqu ires  g re a te r ave rs lveness ; and on t r i a l  2, the  tone a lso  
acqu ires th is  averslveness v ia  a l lg h t - to n e  a s s o c ia tio n . However, 
M ackintosh (1978) re po rte d  an experim ent which had one group the  same 
as Group Sh-0 (b u t w ith  5 l i g h t — >shock t r i a l s ) .  Another group was
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id e n t ic a l except th a t  a tone was a ls o  presented on the  f i f t h  l i g h t  
t r i a l  ( le ,  Group O-Sh-0). Group Sh-0 was s ig n i f ic a n t ly  more 
suppressed to  the  tone than Group O-Sh-0. I t  Is  Im p la u s ib le  th a t  th is  
d iffe re n c e  can be exp la ined  by d iffe re n c e s  In  the  to n e - l ig h t  
a s s o c ia tio n , as Group O-Sh-0 should have the  s tro n g e r to n e - l ig h t  
a s s o c ia tio n . Th is  r e s u l t  much more re a d i ly  f i t s  the  Idea th a t  the  
s u rp r is in g  double shock has to  occur on the  f i r s t  tone t r i a l ,  f o r  
enhanced tone— >shock le a rn in g . The M ackintosh and P earce-H a ll 
th e o r ie s , discussed below, r e f le c t  th is  Idea.
D ick inson , N icho las and M ackintosh (1983) have prov ided an 
a d d it io n a l reason f o r  doub ting  th a t  a to n e - l ig h t  a s s o c ia tio n  can 
enable Wagner's theo ry  to  e x p la in  the  M ackintosh &L a l. r e s u l t .  They 
s ta te d  th a t  "unp red lc ted  p re s e n ta tio n  and om ission o f a US fo llo w in g  a 
compound c o n d it io n in g  t r i a l  decreases h lg h e r-o rd e r c o n d it io n in g .” 
(D ick inson  a t. aL , 1983, p77 )# There fo re  the  to n e - l ig h t  a s s o c ia tio n  
should be weaker In  Groups Sh-0 and Sh-Sh, than In  Groups 0-0 and 
0-Sh. A lso , Rescorla and Durlach (1981) have found th a t 
r e -a c q u ls lt lo n  o f w lth ln -e v e n t (CS-CS) a sso c ia tio n s  Is  d i f f i c u l t  o r  
Im poss ib le . This suggests th a t  t r a d i t io n a l  a s s o c ia tiv e  e xp lana tions  
may be Inadequate to  account f o r  w lth ln -e v e n t le a rn in g . T he re fo re , 
Wagner cannot e x p la in  the  M ackintosh f i t  a l  r e s u l t  by recourse  to  
w lth ln -e v e n t a s s o c ia tio n s , as these a sso c ia tio n s  are  o u ts id e  the  scope 
o f h is  th e o ry .
To summarize, the  Wagner model s ta te s  th a t  E ls  can e n te r In to  
a s s o c ia tio n s  to  the  e x te n t th a t  p r io r  even ts . In c lu d in g  the  co n te x t, 
do n o t p re d ic t  them. The M ackintosh s i.  a i. experim ent suggests th a t  
the  a b i l i t y  o f an El to  e n te r In to  a s s o c ia tio n s  depends upon the
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degree o f s u rp r is e  o r  u n p re d ic ta b i l i ty  o f  the  events th a t  fo l lc w  i t .
I t  is  new tim e to  In tro du ce  the  concept o f a s s o c la b l l l ty ,  as I t  
p lays a prem inent p a rt In  the  fo llo w in g  th e o r ie s . A s s o c la b ll l ty  Is  
one o f the  parameters de te rm in ing  how re a d ily  an event en te rs  In to  
a s s o c ia tio n s ; and I  s h a ll d e fin e  I t  as fo llo w s s  f i r s t ,  a s s o c la b l l l ty  
Is  p u re ly  determ ined by past experience; second, a s s o c la b l l l ty  on a 
s in g le  t r i a l  is  n a t  a ffe c te d  by p re s e n ta tio n  o f o th e r events on th a t 
t r i a l * .
Wagner's theo ry  does no t In vo lve  a s s o c la b l l l ty ,  because changes 
In  processing o f an event depend upon p re s e n ta tio n , on th a t  t r i a l ,  o f  
o th e r events th a t p re d ic t  the  event In  que s tion . For example, th e  
d e c lin e  In  processing o f an E l,  d u r in g  la te n t  I n h ib i t io n ,  Is  exp la ined  
by a co n te x t-E I a s s o c ia t io n . So th e re  Is  f u l l  p rocessing o f El I f  I t  
Is  presented w ith o u t the  co n te x t.
R e turn ing to  M ackintosh f i t  â L 's r e s u lt ,  we can see th a t the  
a s s o c la b l l l ty  o f the  tone must have been g re a te r In  Groups Sh-0 and 
Sh-Sh, than Groups 0-0 and 0-Sh a f te r  t r i a l  1 o f  stage 2.
M ackintosh (1975a) cla im ed th a t  an El gains h ig h  a s s o c la b l l l ty  to  
the  e x te n t th a t  I t  has been a good p re d ic to r  o f the  events th a t  fo llo w  
I t ,  r e la t iv e  to  the  o th e r s t im u l i  p resen t. H igher a s s o c la b l l l ty  leads 
to  fa s te r  le a rn in g  o f a sso c ia tio n s  between th a t  E l and subsequent 
even ts. A lte rn a t iv e ly ,  I f  the  El Is  a r e la t iv e ly  bad p re d ic to r ,  then 
I t s  a s s o c la b l l l ty  w i l l  f a l l ,  and le s s  w i l l  be le a m t  about th is  E l.
*  To me, sa lien ce  p u re ly  depends upon p h ys ica l c h a ra c te r is t ic s  o f  
even ts, and a s s o c la b l l l ty  o n ly  depends on past experience . Th is Is  
s im ila r  to  Pearce and H a l l 's  (1980) usage; bu t M ackintosh (1975a) 
r o l l s  bo th  Ideas In to  one (a fa c to r  which he c a l ls  a s s o c la b l l l t y ) .
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re ce ive d ; th e re fo re , the  tone loses  a s s o c la b l l l ty ,  and Is  l i t t l e  
le a m t  about on t r i a l  2. However, when two shocks are  rece ived  on the  
f i r s t  t r i a l  o f s tage 2, the  l i g h t  Is  a le s s  good p re d ic to r ,  as I t  has
d@(p) = iL -V (s -p ) I  -  ÎL -V (p ) I -  e b u t 0 < § < 1
@ = a s s o c la b l l l ty
(c a lle d  'a lpha * In  most papers) .
I . . .  I = the modulus o f  . . .
e = sm all th re sh o ld  below which the  a s s o c la b l l l ty  d e c lin e s . 
V (s -p ) = the  sum o f the  a s s o c ia tiv e  s tre n g th s  o f a l l  s t im u l i  p resen t.
13
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So, on t r i a l  1 o f  stage 2 In  the  M ackintosh f i t  f i t  experim ent, the 
l i g h t  Is  a much b e t te r  p re d ic to r  than the  tone I f  o n ly  one shock Is
!p re v io u s ly  been fo llo w e d  by o n ly  one shock; so the  tone Is  a -4
I
r e la t l v ^ y  b e t te r  p re d ic to r  o f the  shocks than In  o th e r Groups, and 
consequently has h ig h e r a s s o c la b l l l ty ,  and rece ives  more processing on 
t r i a l  2. Th is means Groups Sh-0 and Sh-Sh have h ig h e r a s s o c la b l l l ty
on t r i a l  2 than Groups 0-0 and 0-Sh; and th is  Is  M ack in tosh 's  --
e xp la na tion  f o r  the  g re a te r le a rn in g  In  the  groups w ith  2 shocks on A
t r i a l  one o f stage 2, I f  a second shocked t r i a l  Is  g iven . Thus the
e ffe c tiv e n e s s  o f the  l i g h t  and the  tone a re  assessed r e la t iv e  to  each 
o th e r (and r e la t iv e  to  C, the  co n te x tu a l s t im u li  th a t  are  In e v ita b ly
p resen t) on each t r i a l .  T h is  can be expressed m a th e m a tica lly , as 4
fo llo w s  ; -
M a c k to s h  Theory (1975a)
II
y:
dV(p) = @(p) S(p) B [L -V (p ) ]  M
i
a pa rt from  P, f o r  the  E2.
Note: M ackintosh a c tu a l ly  had:
dV(p) = @(p) B [L -V (p )3  (as S and ê as used here 
were combined in to  a composite @). 
d@(p) > 0 I f  iL -V (s -p ) ! > |L -V (p ) |
d@(p) < 0 i f  }L -.V (s-p)| < o r  = 1L-V (p)i
and added: " . . .  I t  is  fu r th e r  assumed th a t  the  s ize  o f the
change in  @ is  p ro p o rt io n a l to  the  d iscrepancy between iL -V (p ) l 
and ÎL -V (s -p ) I . . . "  p288*. However, Mackintosh a lso  wanted to  
e x p la in  la te n t  I n h ib i t io n  by a re d u c tio n  In  @ when |L -V (s -p ) l = 
IL -V (p )I (as L = V(s~p) = V (p) = 0 ) .  A l l  th re e  Ideas can be 
expressed In  one fo rm u la  w ith o u t s ig n i f ic a n t ly  d is to r t in g  the 
Ideas. Thus f o r  unpaired pre-exposure o f the  GS, d§(p) = -e ,
the  standard la te n t  In h ib i t io n  e f fe c t  Is  exp la ined In  terms o f
lo s s  o f a s s o c la b l l l ty .
M ackintosh (1976) seemed to  drop the  Idea o f a re d u c tio n  In  @ 
when iL -V (s -p ) I = jL -V (p ) l.  He w ro te  (p192) " . . .  changes In  
@(p) a re  p ro p o rt io n a l to  the  d iffe re n c e  between [L -V (p )3  and 
[ L - V ( s - p ) ] . . and he made no re fe rence  to  la te n t  In h ib i t io n  
In  th a t  paper. But D ick inson  and M ackintosh (1979, p i74) 
In d ica te d  th a t  th e re  would be a d e c lin e  In  @ I f  iL -V (s -p ) I = 
IL -V (p ) I . So I t  seems th a t  M ackintosh was unsure whether
*  In  t h is ,  and subsequent quo tes, ' a ' ,  'A* and 'x *  a re  In  the
o r ig in a l te x t ,  ra th e r  than * p ',  ’ P’ and 's - p ' .  Th is change In  
Intended to  keep my nom enclature c o n s is te n t.
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la te n t  in h ib i t io n  e f fe c ts  should be Inco rpo ra ted  In to  h is  
th e o ry . In  q u o tin g  the  M ackintosh th e o ry , I  In c lud e  'e '  to  
accommodate the  la te n t  I n h ib i t io n  e f fe c t ; bu t I t s  om ission 
would no t s ig n i f ic a n t ly  a l t e r  any o f my ana lyses.
Pearce and H a ll (1980) have provided a d i f fe r e n t  a n a ly s is  o f the  
M ackintosh f i t  a l  (1977) r e s u l t .  They c la im  th a t  s t im u l i  have h igh  
a s s o c la b l l l ty  I f  fo llo w in g  events a re  s u rp r is in g .  So, the re  Is  no 
trad e  o f f  between the  l i g h t  and the  tone , b u t ra th e r  both  
a s s o c la b l l l t le s  change In  the  same d ire c t io n .  I f  the  shock Is  
s u rp r is in g  ( le ,  th e re  are  two shocks) then both  the  l i g h t  and the  tone 
w i l l  have h ig h e r a s s o c la b l l l ty  on subsequent t r i a l s ,  than they would 
have had I f  the  shock had been u n s u rp r is in g . So In  Groups Sh-0 and 
Sh-Sh the s u rp r is in g  second shock on t r i a l  1, stage 2 leads to  h ig h e r 
a s s o c la b l l l ty  f o r  both  the  l i g h t  and tone, and hence g re a te r le a rn in g  
on t r i a l  2, than In  Groups 0-0 and 0-Sh. F o rm a lly , t h e ir  model is  as 
fo l lo w s :
P earce-H a ll Theory (Pearoe a M  Hai i ., 19_80)
e ( p ) ( t r ia l  n) = |L -V (s )+ V » (s )! ( t r i a l  n -1 ) 
dV(p) = §(p) S(p) L 
o r d V '(p ) = @(p) S(p) CV(s)-V’ (s ) -L ]
V* ( s)  = the  Sim  o f the  In h ib i to r y  a s s o c ia tiv e  s tre n g th s  o f 
a l l  E ls  p resen t th a t  p re d ic t the  absence o f the  E2.
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In  the  o r ig in a l paper, i t  was unc lea r i f  both  e x c ita to ry  and 
In h ib ito r y  le a rn in g  could occur s im u ltaneous ly . But H a ll (personal 
communication, 1985) has s ince  sa id  th a t  th is  is  n o t p o s s ib le . So, I f  
L -V (s )+ V '(s )  > 0 the re  Is  o n ly  e x c ita to ry  le a rn in g ; and I f  the
In e q u a lity  Is  the  o th e r way, th e re  Is  on ly  In h ib ito r y  le a rn in g .
Note: Pearce, Kaye and H a ll (1983, p244) subsequently sa id  th a t :
e = g |L -V (s )+ V » (s )| + [1 -g ] @(-1)
where g Is  a w e ig h tin g  fa c to r  th a t can va ry  between 1 and 0,
and @(-1) Is  the  va lue  o f the  a s s o c la b l l l ty  on the  la s t  t r i a l .
Th is change was made In  o rde r to  e x p la in  why a s s o c la b l l l ty  
changes are  no t e ffe c te d  In  one t r i a l .  The number o f e f fe c t iv e  
t r i a l s  o bv ious ly  depend on g .
I t  must be remembered th a t  changes In  § on one t r i a l  on ly  a f fe c t  
changes In  a s s o c ia tiv e  s tre n g th  on subsequent t r i a l s .  "The
a s s o c la b l l l ty  o f a CS on one t r i a l  Is  determined by the  s ize  o f the
d iscrepancy experienced on th e  Immédiat^ y  preceding t r i a l  between the 
magnitude o f the  US th a t  a c tu a l ly  occurred and th a t  expected on the  
bas is  o f p revious t r a in in g . "  (Pearce f i t  1983, p242).
R eturn ing  to  the  M ackintosh f i t  experim ent, a c le a r  d iffe re n c e  
can be seen between the  M ackintosh and the  P earce-H a ll models: the
Pearce -H a ll model p re d ic ts  g re a te r le a rn in g  f o r  the  l i g h t  as w e ll as 
the tone In  Group Sh-0 and Sh-Sh than Groups 0-0 and 0-Sh, as a l l  E1s 
Increase In  a s s o c la b l l l ty  I f  the  E2 Is  s u rp r is in g ;  whereas Mackintosh 
p re d ic ts  e x a c tly  the  oppos ite  r e s u l t ,  because an Increase In  tone 
a s s o c la b l l l ty  means a decrease In  l i g h t  a s s o c la b l l l ty .  U n fo rtu n a te ly  
the experim ent does no t a llow  us to  compare le a rn in g  about the
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l ig h t -s h œ k  a s s o c ia tio n  in  stage 2 because alm ost complete suppression 
to  the  l i g h t  would be observed In  a l l  groups, and the  l i g h t  was not 
te s te d  In  e x t in c t io n .  Because o f the  s ig n if ic a n c e  o f t h is  d iscrepancy 
In  p re d ic t io n s , a repea t o f the  experim ent, designed to  te s t  the  
lig h t-s h o c k  a s s o c ia tio n s , was considered w o rthw h ile  (See Experiment 
1).
EneyrSfiars .Theory (Frey aoâ Sears.» 1978)
Perhaps th is  Is  a good space to  m ention the  model o f Frey and 
Sears (1978). They s ta r t  w ith  the  Rescorla-Wagner model, b u t then
assume a s s o c la b l l l ty  changes can a lso  take p lace ; and a lso  g ive
d e ta ile d  a n a ly s is  o f a response-mapping r u le ,  so th a t q u a l i ta t iv e  
p re d ic t io n s  can be made. Questions about the  response-mapping ru le ,  
a lthough  fa s c in a t in g ,  need n o t concern us. But the  a s s o c la b l l l ty  ru le  
does. They say (p 323): "The c e n tra l n o tio n  o f th is  ru le  Is  th a t  @
should rep resen t the  In fo rm a tio n  va lue  o f a s tim u lu s  as re f le c te d  by
I t s  re ce n t a s s o c ia tiv e  s tre n g th " .  The fo rm ula  they present Is  as
fo l lo w s :*
d@(p) = k  [V (p ) -ê (p ) ]
Where k  Is  a sm all p o s it iv e  co n s ta n t, and a l l  o th e r symbols have the  
same s ig n if ic a n c e  as b e fo re . T he re fo re , when V (p) I s  h igh , @(p) a ls o  
becomes h ig h , and when V(p) Is  ze ro , @(p) tends towards zero . Thus,
*  This s im p lif ie d  fo rm u la  om its t h e i r  ru le s  f o r  when V Is  below a 
sm all th re s h o ld , o r  Is  n e g a tiv e .
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th is  ru le  bears a d is t in c t  resemblance to  the  M ackintosh model: good
p re d ic to rs  acqu ire  g re a te r  a s s o c la b l l l ty .  However, t h is  fo rm u la tio n  
In d ic a te s  th a t  the  a s s o c la b l l l ty  o f  an event must f a l l  on the  f i r s t  
t r i a l ,  because V=0. T he re fo re , Frey and Sears cannot e x p la in  the  
M ackintosh f i t  aL  (1977) res u l t •
The tra d e  o f f  between one s tim u lu s  and another Is  e ffe c te d  v ia  
the  Rescorla-Wagner r u le .  This means th a t  Frey and Sears' model 
cannot account f o r  dow nsh ift unb lock ing , except by w lthln-com pound 
a s s o c ia tio n s , as Is  necessary f o r  the  Rescorla-Wagner and Wagner 
th e o r ie s  (see Chapter 5 ) .  From the  pe rspec tive  o f a s s o c la b l l l ty  
th e o r iz in g ,  the  m ajor advantage over Rescorla-Wagner, Is  th a t la te n t  
I n h ib i t io n  Is  accounted f o r .  Perhaps th is  Is  a sm all ga in  f o r  adding 
another whole equa tion !
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Chapter 1
m  pq m  M£ILIJD:X)SH. m u  PEABgErHALL THEORIES 
ACCOUNT FOB. THE. MACKINTOSH. BYGRAVE ANJI PICTON RESULT:^
When Ideas a re  p u t In to  m athem atioal language we a re  ab le  to  see 
more p re c is e ly  the  ra t io n a l consequences o f the  Ideas. Many o f the  
le a rn in g  th e o r ie s  have gained cons ide rab le  support when unexpected 
consequences o f the  m athem atical fo rm u la tio n s  have proved c o r re c t.  
E q u a lly , the m athem atical fo rm u la tio n  o f a l l  the  th e o r ie s  d iscussed 
produces erroneous p re d ic t io n s ;  sometimes d i r e c t ly  c o n tra d ic t in g  the  
ideas the  founder o f the  th e o r ie s  Intended to  express. For th is  
reason I t  seems se n s ib le  to  a ttem pt to  model the  M ackintosh, Bygrave 
and P lc to n  r e s u l t ,  u s in g  th e  M ackintosh and P earce -H a ll th e o r ie s .
As s ta te d  e a r l ie r  (see Table 1 ), In  the  M ackintosh s i  f i l  (1977) 
experim ent. Group Sh-0 d isp la ye d  g re a te r le a rn in g  o f the  tone-shock 
a s s o c ia tio n  than Group 0-Sh, le ,  had g re a te r a s s o c ia tiv e  s tre n g th  
a f te r  t r i a l  2, stage 2. However, Groups 0 and Sh d id  no t d i f f e r  on 
te s t ,  le ,  they had equal a s s o c ia tiv e  s tre n g th s  a f te r  t r i a l  1, stage 2. 
So the  models should In d ic a te  th a t  a f te r  stage 2, t r i a l  1, Groups Sh-0 
and 0-Sh should a lso  have equal a s s o c ia tiv e  s tre n g th , b u t Group Sh-0 
should have h ig h e r a s s o c la b l l l t y .
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I
m  MACKINTOSH THEORY
For the  purposes o f these c a lc u la t io n s ,  I  s h a ll take i t  th a t  the
con tex t has n e g lig ib le  a s s o c ia tiv e  va lu e ; so th a t  the  o n ly  re le v a n t
s t im u l i  a re  the  l i g h t  (1 ) and the  tone ( t ) .  I  s h a ll assume th a t  f o r
t r i a l s  w ith  one shock, L = 1, B = 0 .4 . As 8(1 ) and S ( t)  do no t va ry ,
they are  bo th  s e t equal 1.0 and have been ignored th roughout these 
c a lc u la t io n s .  A f te r  s tage 1, I  hope i t  is  obvious th a t  the  
a s s o c ia b i l i ty  and a s s o c ia tiv e  s tre n g th  o f the  l i g h t  should both  be 
reasonably h ig h ; w ith  @ = 0 .5  f o r  nove l s t im u l i ,  a f te r  4 l ig h t-s h o c k  
t r i a l s ,  @(1) = 1, and V ( l)  = 0 .72 .
Now i t  is  necessary to  cons ide r the  more d i f f i c u l t  problem o f the  
f i r s t  t r i a l  in  stage 2. For Group Sh-0, the  e f fe c t  o f the  second
shock needs to  be s p e c if ie d . The s im p le s t approach is  th a t  two shocks 
have g re a te r a s s o c ia tiv e  s tre n g th  than one shock; l e t  Sh-10-Sh have 
asymptote 2 (L = 2 ) .
For Group Sh-0: d V (t)  = § ( t )  B [L -V ( t> ]
= @(t) 0.4 [2  -  0]
= 0 .8  @(t)
d ê ( t )  = ÎL-V (1)1 -  |L - V ( t ) |  -  e 
= |2 — O.7 2 I — | 2 — Oi — e 




And f o r  Group 0-Sh: d V (t)  = @(t) B [L -V ( t)3
= § ( t )  0.4 [1 -  03 
= 0 .4  6 ( t )
d ê ( t )  = |L -V (1 )Î -  {L -V ( t) }  -  e 
= I I — O.7 2 I — j1 — Ol — e 
= -  ( 0 .72  + e)
A lready I  can see two problems w ith  t h is  a p p lic a t io n  o f the  
M ackintosh th e o ry : f i r s t ,  th e  model in d ic a te s  th a t  the  change in
a s s o c ia b i l i ty  f o r  the  two groups should be id e n t ic a l ,  b u t M ackin tosh ’ s 
v e rb a l statem ent (see below) in d ic a te s  th a t  the  s u rp r is in g  second 
shock should increase  the  a s s o c ia b i l i ty  o f the  to n e ; second, the  model 
shows g re a te r  a s s o c ia tiv e  s tre n g th  fo r  the  tone in  Group Sh-0 than 
Group 0-Sh on t r i a l  1, s tage 2, bu t the  experim enta l r e s u lt  in d ic a te d  
equal suppression f o r  Groups Sh and 0.
M ackintosh (1975a, p 289) s a id : ’’Unblocking may occur whenever
the added element ( ie ,  the  to n e : ID) p re d ic ts  some event o f
consequence (such as the  second shock in  Kam in's expe rim en t), whether 
o r n o t th a t event is  i t s e l f  ab le  to  support c o n d it io n in g ” . T h is  is  
s e lf - c o n t ra d ic to r y ,  as events o f consequence are supposed to  change L 
( th e  asymptote o f a s s o c ia tiv e  le a rn in g ) .  The parameter B is  unable to  
do th is  as B w i l l  be th e  same in  the  c o n tro l group ( ie ,  P— >Sh + Sh, 
PQ— >Sh + Sh) o f  Kamin’ s experim ent. Even i f  we a llo w  a change in  L , 
w ith o u t a l te r in g  the  asymptote o f c o n d it io n in g , th e re  w i l l  s t i l l  be no 
change in  a s s o c ia b i l i ty .  W ith  the fo rm u la  d@(p) = iL -V (s -p ) !  -
|L -V (p ) | -  e, as lo ng  as L remains g re a te r  than V (s -p ) and V (p ), a 
change in  L cannot a l t e r  § on th a t  t r i a l  (o n ly  on subsequent t r i a l s  
v ia  changes in  V ). Increases in  the  US cannot ( d i r e c t ly )  a l t e r  the
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a s s o c ia b i l i ty  o f the  CSs because any increase in  L must increase 
e q u a lly  in  both p a rts  o f the  equa tion ; f o r  example, |L -V (s -p ) l -  
|L -V (p ) | = !2 L -V (s -p ) l -  |2L -V (p ){ , as V (s) and V (p) must bo th  be
le s s  than L .
D ick in son  and M ackintosh (1979) suggested th a t  the  two shocks in
Sh-10-Sh may be ab le  to  support c o n d it io n in g  and changes in
a s s o c ia b i l i ty  independently  o f each o th e r (they are  a f te r  a l l  separate 
e ve n ts ). Thus i t  may be p o s s ib le  to  produce changes in  a s s o c ia b i l i ty  
w ith o u t changing the  amount o f c o n d it io n in g  th a t  can be supported. 
So:
d V (t)  = d V (t— >Sh1) + d V (t— >Sh2)
and d@ (t) = d § ( t— >Sh1) + d@(t— >Sh2)
where Shi = 1st shock e tc .
For the  second shock to  be ab le  to  produce la rg e  changes in
a s s o c ia b i l i ty  and sm a ll changes in  a s s o c ia tiv e  s tre n g th , i t  is
necessary to  assume th a t  B is  sm a ll; f o r  s im p l ic i ty  I  s h a ll assume 
th a t  B = 0 f o r  the  second shock. D ick inson and M ackintosh (1979,
p i75) noted a s im ila r  p o s s ib i l i t y :  " th e  fu n c t io n  r e la t in g  a s s o c ia tiv e
s tre n g th  to  performance may be d i f fe r e n t  f o r  d i f fe r e n t  a sso c ia tio n s  
in v o lv in g  immediate and delayed re in fo rc e rs " .  Now, I  s h a ll reapp ly  
the  equations fo r  t r i a l  1, stage 2 :
Group Sh-0 d V (t)  = d V (t— >Sh1) + d V (t— >Sh2)
= @(t) 0.4 [1 -  0 ] + e ( t )  0 [1 -  03 
= 0 .4  @(t)
Group 0-Sh d V (t)  = d V (t— >Sh1)
= @(t) 0.4 [1 -  03 
= 0 .4  @(t)
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This has e rad ica ted  the  second problem: the  model now r e f le c ts
the  equal suppression shown in  Groups Sh and 0. The f i r s t  problem was
th a t  Group Sh-0 should have g re a te r a s s o c ia b i l i ty  f o r  the  tone than
Group 0-Sh a f te r  the  f i r s t  t r i a l  in  stage 2. As the  change in  
a s s o c ia b i l i ty  is  c a lc u la te d  sepa ra te ly  f o r  the  two shocks, th e  change 
in  a s s o c ia b i l i ty  due to  the  f i r s t  shock (and o n ly  shock in  the  case o f 
Group 0-Sh) w i l l  be the  same in  the  two groups, so any d iffe re n c e  w i l l  
be due to  the second shock:
d@(t— >Sh2) = IL -  V ( l— >Sh2) | -  |L -  V ( t— >Sh2) | -  e
= 11 — 01 — j 1 — 01 — e 
= — e
So the  a s s o c ia b i l i ty  o f the  tone in  Group Sh-0 should d e c lin e  
s l ig h t ly  more than in  Group 0-Sh d u rin g  t r i a l  1 o f  stage 2. The 
s u rp r is in g  second shock has produced a g re a te r d e c lin e  than th e re  
would have been w ith  no second shock. Th is  is  what D ick inson  and 
Mackintosh (1979, p i74) concluded, and th is  a n a lys is  accounted f o r  the  
data presented in  th a t  paper: U n fo rtu n a te ly , the  d iffe re n c e  in
a s s o c ia b i l i ty  between th e  groups is  too  sm all and in  the  wrong 
d ire c t io n  to  account f o r  the  Mackintosh jg i r e s u l t .
Why does M ack in tosh 's  v e rb a l e xp la n a tio n  f i t  the  da ta  so e a s i ly ,  
y e t the  fo rm a liz a t io n  o f h is  model does n o t account f o r  the  re s u lt?  
He w ro te : "The in t u i t io n  th a t  we re q u ire  to  fo rm a liz e  is  th a t  @(p)
should increase i f  P p re d ic ts  an o therw ise  unexpected re in fo r c e r ,  
w h ile  @(p) should decrease i f  P s ig n a ls  no change in  re in fo rcem ent 
frcm  the  le v e l expected on the  bas is  o f o th e r e v e n ts ."  (Mackintosh 
1975a, p287). As we have seen, an increase in  the  va lue  o f L has no 
e f fe c t  on the  v a l id i t y  o f  P as a p re d ic to r  accord ing  to  M ackin tosh 's
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fo rm a liz a t io n .  To see why th is  is  so, cons ide r the  fo llo w in g  
procedure: W ith  a change from  l i g h t — >shock, to  l i g h t — >shock +
shock, the a s s o c ia b i l i ty  o f the  l i g h t  remains the  same a f te r  the  f i r s t  
double shock t r i a l .  The decrease due to  the  l i g h t  be ing a poorer 
p re d ic to r ,  is  e x a c tly  o f fs e t  by the  increase due to  the  shocks being 
more unexpected. So, in  f a c t ,  bo th  h is  m athem atical fo rm ulae and h is  
v e rb a l d e s c r ip t io n  in d ic a te  equal a s s o c ia b i l i ty  f o r  Groups 0-Sh and 
Sh-0 a f te r  t r i a l  1, stage 2 (o th e r than the  la te n t  in h ib i t io n  d e c lin e  
in  Group S h-0).
A sim ple a l te r a t io n  we cou ld  t r y ,  is  to  have V (p )/L  as a measure 
o f how good a p re d ic to r  P is  o f the  US; so now in c re a s in g  L , decreases 
th e  va lue  o f V (p )/L  and hence decreases the  a s s o c ia b i l i ty  o f P.
Instead o f lo o k in g  a t  the  a r ith m e tic  d iscrepancy between V(p) and L , j
we would be lo o k in g  a t  the  percentage d isc repancy*. Thus:
d@(p) = k  [ jL —V(s—p ) ! — }L—V (p ) }3 /  L — e
bu t 0 < @ < 1 
dV(p— >US1) = @(p) B(US1) [L(US1) -  V(p)3 /  L(US1)
L e t B/L ——^ B;
=> dV(p— >US1) = @(p) B(US1) [L(USD -  V(p)3
where k  is  a cons tan t 
I t  does no t m a tte r f o r  present purposes whether we take an 
a r ith m e tic  o r r a t io  measure when co n s id e rin g  changes in  a s s o c ia tiv e
j
*  A lthough param etric  d iscuss ions  are  extrem ely d i f f i c u l t  in  the 
realm  o f animal le a rn in g  th e o ry , the  idea th a t  a cons tan t r a t io  is  
perceived as a p sych o lo g ica l constant is  w id e ly  accepted in
psycho-physics, ie ,  Weber's Law; so, a p r io r i ,  a r a t io  measure may J
-1
be more l i k e l y  than an a r ith m e tic  one. i
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s tre n g th , as a change In  the  fa c to r  B is  the  o n ly  d if fe re n c e . A
d e c is io n  about t h is  would be necessary o n ly  i f  L changes in  magnitude,
b u t B remains co n s tan t.
I  s h a ll new app ly  these equations to  t r i a l  1 o f  stage 2 : Assume
as b e fo re : § (1 ) = L(Sh1) = L(Sh2) = 1, V ( l )  = 0 .72 , B(Sh1) = 0 .4 ,
B(Sh2) = 0. F u r th e r , l e t  § ( t )  = 0 .5 , and k  = 0 .5 , and le t  e be
n e g lig ib le .
Group Sh-0: d V (t)  = @ [L (S hD  -  V ( t)3  B(Sh1)
= 0 .5  Cl -  0 ] 0 .4
=  0.2
As B(Sh2) = 0. 
d@ (t) = k  [ |L -V (1 ) Î  -  |L -V ( t ) l3  /  L(Sh1+Sh2)
-  0 .5  C12-0.72! -  12-01] /  2
= — 0 . 18
d V ( l)  = 1 [1 -  0.723 0.4
=  0 .1 1 2
d@ (l) = 0 .5  [12-01 -  12-0.7213 /  2
= 0.18 bu t @ must n o t be more than 1.
=> V ( t )  = 0 .2 , V ( l )  = 0.832, § ( t )  = 0 .32 , @(l) = 1.
Group 0-Sh: dVCt) = 0 .5  [1 -  03 0.4 
=  0 .2
d@ (t) = 0 .5  [ 11-0.721 -  11-013 /  1 
= — 0.36
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d V ( l)  = 1 [1 -  0 .7 2 ] 0.4 
= 0.112
d § ( l)  = 0 .5  [1 1 -0 ! -  11-0. 7 2 |]  /  1
= 0.36 bu t @ must no t be more than 1.
=> V ( t )  = 0 .2 , V ( l )  = 0.832, @(t) = 0 .14, @(1) = 1.
And f o r  the  second t r i a l  o f  s tage 2 :
Group Sh-0: d V (t)  = 0 .32 [1 -  0 .2 ]  0.4
= 0.1024
d ê ( t )  = 0 .5  [11-0.8321 -  11-0.213 /  1 
= -  0.316
d V ( l)  = 1 [1 -  0.8323 0.4 
=  0.0672
d@ (l) = 0 .5  [11-0.21 -  11-0.83213 /  1
= 0.316 b u t ê must n o t be more than 1.
=> V ( t )  = 0.3024, V ( l )  = 0.8992, @(t) = 0.004, @(1) = 1.
Group 0-Sh; d V (t)  = 0.14 [1 -  0 .2 ] 0.4
= 0.0448
d@ (t) = 0 .5  [12-0.8321 -  12-0.213 /  2
= -  0.158 b u t @ cannot be le s s  than  0.0
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d V ( l)  = 1 [1 -  0 .832] 0.4 
=  0.0672
d@ (l) = 0 .5  C12-0.21 -  12-0.8321] /  2
= 0.158 b u t @ must n o t be more than 1.
=> V ( t )  = 0.2448, V ( l)  = 1, @(t) = 0 .0  , @(1) = 1.
The M ackintosh model new f i t s  the  M ackintosh s t. a i. da ta . T h is
fo rm u la tio n  o f the  M ackintosh model combines the  e f fe c ts  o f  the  f i r s t  
and second shocks f o r  the  purposes o f c a lc u la t in g  the  changes in  
a s s o c ia b i l i t y ,  bu t ignores the  second shock f o r  the  purpose o f 
c a lc u la t in g  the  change in  a s s o c ia tiv e  s tre n g th . T h is  s p l i t t i n g  o f dV, 
bu t n o t d@ is  reasonably p la u s ib le .  € i s  in tended to  be a genera l 
measure o f p rocess ing  (o r  a t te n t io n  pa id  to )  the  s tim u lu s ; i t  should 
c e r ta in ly  be a p p lic a b le  f o r  a c la s s  o f USs, and may even be a p p lic a b le  
across d is p a ra te  USs and c o n te x ts . Thus ë should have o n ly  one va lue  
on any s in g le  p re s e n ta tio n  o f the  CS, ir re s p e c t iv e  o f the  number o f 
USs. However, assuming th a t  r a ts  (and v e rte b ra te s  g e n e ra lly )  le a rn  
s p e c if ic  th in g s  about t h e i r  environm ent, then  i t  is  necessary to  
assume th a t  V(p— >x) is  s e p a ra te ly  encoded from  V(p— >y) o r e lse  they
would n o t be ab le  to  d is t in g u is h  X and Y, a t  le a s t  in  terms o f past
experience . In  the  M ackintosh idi. aiL experim ent, th e  shocks are  te n  
seconds a p a rt so i t  is  l i k e l y  th a t  they  a re  encoded s e p a ra t^ y .
One problem w ith  th is  p resen t a n a lys is  is  th a t  D ick inson  and 
M ackintosh (1979) have found th a t  a s s o c ia b i l i ty  changes are  r e in fo r c e r  
s p e c i f ic .  They employed a b lo c k in g  design, and found th a t  the 
a d d it io n  o f a second shock on compound t r i a l s  increased subsequent 
ave rs ive  c o n d it io n in g  to  th e  added CS, b u t a d d it io n  o f f re e  food d id
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n o t. L ikew ise , in  an a p p e tit iv e  c o n d it io n in g  ta s k , adding more f re e  
food on compound t r i a l s  caused unb lock ing , bu t adding a shock d id  n o t.  
They s im i la r ly  found w ith  dow nsh ift unb lock ing , th a t  removing the 
se<x>nd shock increased ave rs ive  c o n d it io n in g , bu t the unexpected 
absence o f food , d id  n o t; so these re s u lts  are  n o t s im p ly  due to  the  
re in fo rc in g  p ro p e rt ie s  o f the  added shock o r food . D ick inson  and 
Mackintosh concluded th a t  a s t im u lu s ' a s s o c ia b i l i ty  f o r  food is  
separate from  i t s  a s s o c ia b i l i ty  f o r  shock. T he re fo re , a s s o c ia b i l i ty  
is  s p e c if ic  to  a c la ss  o f re in fo rc e rs ,  bu t may be genera l to  a l l  
instances o f r e in fo r c e r  in  a p a r t ic u la r  c la s s .
A lthough the  M ackintosh model can f i t  the  M ackintosh s i  ja i 
r e s u l t ,  i f  the  a l te ra t io n s  s e t out above are  made. I t  must be 
stressed  th a t  t h is  is  inadequate. The statem ent "§ (p ) should increase  
i f  P p re d ic ts  an o therw ise  unexpected re in fo rc e r "  suggests equal 
a s s o c ia b i l i ty  f o r  Groups Sh-0 and 0-Sh a f te r  the  f i r s t  stage 2 t r i a l ,  
and could ju s t  as e a s i ly  a llo w  g re a te r a s s o c ia b i l i ty  f o r  Group 0-Sh, 
as fo r  Group Sh-0. My p loy  o f us in g  a r a t io  measure is  dec ided ly  ad 
hoc.
So we should accept M ack in tosh 's  modest view o f h is  th e o ry : " th e
ideas proposed here are  more a program fo r  a th e o ry  than a f u l l y  
e labora ted  fo rm a l model" (M ackintosh, 1975a, p295)* A lthough the
fo rm a l mathematics do no t in  fa c t  describe  what he in tended, the 
essence o f the  M ackintosh th e o ry  may w e ll be w orth  re ta in in g .
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m  PEARCE-HALL THEORY
A t th e  end o f stage 1, th e  a s s o c ia tiv e  s tre n g th  o f the  l i g h t  w i l l  
be h ig h . So the  Pearce -H a ll model p re d ic ts  th a t the  a s s o c ia b i l i ty  o f  
the  l i g h t  w i l l  be low , o r  f a l l i n g  r a p id ly ,  as the  events th a t  fo llo w  
i t  a re  c o n s is te n t.  S ta r t in g  w ith  i n i t i a l  param eters, @(1) = 0 .4 , S ( l)
= 0 .2 , L = 1, a f te r  fo u r  t r i a l s ,  @(1) = 0.54 and f a l l i n g ,  and V ( l)  = 
0 .61 . A lso , l e t  the  i n t i a l  va lues  f o r  the  tone be the  same: @(t) =
0 .4 , S ( t )  = 0 .2 . I  s h a l l use these va lues to  a s c e rta in  the
p re d ic t io n s  f o r  Groups 0-Sh and Sh-0:
T r ia l  1, stage 2 :
Group 0-Sh: d V (t)  = @(t) S ( t )  L
= 0 .4  0 .2  1 
= 0.08
@(t) = IL -  V (D !
= 1 -  0.61 
= 0.39
d V ( l)  = 0.54 0.2 1 
=  0 .1 0 8
@(1) = 0.39 as i t  must be th e  same as @ (t).
=> V ( t )  = 0 .08 , V ( l )  = 0.718 
Again we need to  s p e c ify  L f o r  two shocks. H a ll and Pearce 
(1982, p i28) describe  a change from  a weak shock US to  a s tron g  shock
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us, in  the  fo llo w in g  way: "F u rth e r le a rn in g  w i l l  be p o ss ib le  o n ly
when the  d isorepanoy between the  a s s o c ia tiv e  s tre n g th  o f the  CS and 
the new asymptote se t by the  s tro n g e r shock has become re f le c te d  in  
the  a s s o c ia b i l i ty  o f the  CS". Thus, they describe  the  change from  
weak to  s tro n g  shock by an increase  in  L . I f  we assume the  same is  
t ru e  f o r  a change from  one shock to  two shocks, then  L s im p ly  
in c rea ses . Le t L = 2 f o r  Sh-10-Sh.
For Group Sh-0: d V (t)  = 0 .4  0 .2  2
=  0.16
@(t) = 12 -  0 .6 1 i 
= 1.39
d V ( l)  = 0.54 0.2 2 
= 0.216
@(1) = 1.39
=> V ( t )  = 0 .16 , V ( l )  = 0.826 
The presen t fo rm u la tio n  in d ic a te s  th a t Group Sh should d is p la y  
much g re a te r a s s o c ia tiv e  s tre n g th  f o r  the  tone , than Group 0. There 
a re  severa l ways to  go from  here . F i r s t ,  i t  could be cla im ed th a t  the  
above a n a ly s is  is  c o r re c t ,  and the  d iffe re n c e  in  a s s o c ia tiv e  s tre n g th  
a f te r  one t r i a l  ju s t  happens n o t to  be de tected  ( ie .  Group Sh has a 
s l ig h t ly  g re a te r tone-shock a s s o c ia tio n  than Group 0 ) . But w ith  o n ly  
one compound t r i a l  w ith  a s in g le  shock (Group 0) th e re  was a 
suppression r a t io  o f  0 .16 ; so a d ou b ling  o f c o n d it io n in g  w ith  a double 
shock (Group Sh) should produce a n o tice a b le  d if fe re n c e . The 
conc lus ion  to  t h is  l in e  o f reason ing is  th a t  the  M ackintosh gJL a l.
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r e s u l t ,  which has been cla im ed to  be o f prime im portance in  
dem onstra ting a s s o c ia b i l i ty  changes. Is  no t a c tu a l ly  expected from  the 
P earce-H a ll th e o ry , a lthough  I t  can be accommodated by i t .
Second, i t  cou ld  be argued th a t  the  second shock has a much 
weaker asymptote o f a s s o c ia tiv e  s tre n g th  (say, L = 0 .2 ) .  Can
parameters be found to  show l i t t l e  d iffe re n c e  in  a s s o c ia tiv e  s tre n g th  
between Groups 0 and Sh, and y e t shew a la rg e  d iffe re n c e  between 
Groups Sh-0 and 0-Sh? I 'm  no t sure th a t th is  is  p o s s ib le , bu t even i f  
i t  is ,  i t  would mean th a t  the  Pearce-H all theo ry  does no t r e a l ly  
p re d ic t  th is  r e s u lt .  Anyway, I  s h a ll not pursue th is  approach because 
i t  runs in to  d i f f i c u l t i e s  w ith  dow nsh ift un b lo ck in g , which I  d iscuss 
in  Chapter 5.
T h ird , we can use a d iffe re n c e  in  an a d d it io n a l parameter (B) 
between the f i r s t  and second shocks, l i k e  I  d id  w ith  the  M ackintosh 
th e o ry . Th is  a llow s the  P earce -H a ll theo ry  to  account f o r  equal 
a s s o c ia tiv e  s tre n g th s , bu t d i f f e r in g  a s s o c ia b i l i t ie s  a f te r  t r i a l  1 o f 
stage 2, f o r  Groups Sh-0 and 0-Sh. Again, l e t  B va ry  between USs, so:
@(p) = IL -  V (s) + V '( s ) |
dV(p— >US1) = @(p) B(US1) L(US1)
dV»(p— >US1) = @(p) B(US1) [V (s— >US1) -  V *(s— >US1) -  L(US1)]
To be c o n s is te n t,  i t  should be p o ss ib le  to  have e x c ita to ry
le a rn in g  f o r  some USs sim ultaneous w ith  in h ib i to r y  le a rn in g  f o r  o th e r 
USs. Th is is  what Pearce and H a ll sa id  w ith  respec t to  dow nsh ift 
unb lock ing  ( ie ,  P— >Sh+Sh, then  PQ— >Sh): th e re  w i l l  be e x c ita to ry  
le a rn in g  f o r  the  f i r s t  shock, and in h ib i to r y  le a rn in g  to  the  absence 
o f the  second shock (see Pearce and H a ll ,  1980, p540). I t  is  n o t 
po ss ib le  to  have sim ultaneous e x c ita to ry  le a rn in g  f o r  one CS and
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in h ib i to r y  f o r  ano the r CS, w ith  respec t to  the  same US.
To a llo w  the  second shock to  increase the  a s s o c ia b i l i ty  o f the  
tone bu t n o t the  a s s o c ia tiv e  s tre n g th , we re q u ire  th a t  B(Sh2) is  
s m a ll; aga in , f o r  s im p l ic i t y ,  I  assume th a t B(Sh2) = 0. B(Sh1) = 1 as 
b e fo re .
T r ia l  1, stage 2 :
Group Sh-0: d V (t)  = @(t) S ( t )  [B (ShD  L(Sh1) + B(Sh2) L (S h2 )]
= 0.4 0 .2  [1*1 + 0*1 ]
= 0.08
where *  means 'm u lt ip l ie d  by '
@(t) = iL (S h l)  + L(Sh2) -  V ( l ) i  
“  11 + 1 — 0 .6 1 1 
= 1.39
d V ( l)  = 0.54 0 .2  [1*1 +0*1]
=  0.108
=> V ( t )  = 0 .08 , V ( l )  = 0 .72 , 8 (1) = 1.39.
Group 0-Sh d V (t)  = 0 .4  *  0 .2  *  1
= 0,08
§ ( t )  = I I  -  0 .6 1 1 
= 0.39
d V ( l)  = 0.54 *  0 .2  *  1 
= 0 .1 08
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=> V ( t )  = 0 .08 , V ( l )  = 0 .72 , @(1) = 0 .39 .
T r ia l  2 , stage 2:
Group Sh-0 d V (t)  = 1.39 *  0 .2  » 1
=  0.278
§ ( t )  = ; i -  0.80!
=  0.20
d V ( l)  = 0.278 as i t  must be the  same as d V ( t ) .
§(1) = 0.20 as i t  must be the  same as § ( t ) .
=> V ( t )  = 0 .36 , V ( l )  = 1.00, @(t) = e ( l )  = 0 .20.
Group 0-Sh d V (t)  = 0.39 *0 .2  *1
= 0.078
@(t) = 12 -  0.801 
=  1 .2 0
d V ( l)  = 0.078
@(1 ) = 1.20
=> V ( t )  = 0 .16 , V ( l )  = 0 .80 , @(t) = @(1) = 1.20.
Now the  Pearce -H a ll model adequate ly accounts f o r  the  M ackintosh 
S t  âL  da ta . Groups 0 and Sh are  equal in  suppression, Group 0-Sh is
more suppressed and Group Sh-0 more suppressed s t i l l .
I t  should be noted th a t  the  a s s o c ia b i l i ty  a t the  end o f compound 
t r a in in g  is  h ig h e r in  Group 0-Sh than Group Sh-0; th is  should r e s u lt
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in  fa s te r  e x t in c t io n  in  Group 0-Sh, thereby accen tua ting  the  
d iffe re n c e  between these two groups. S im ila r ly ,  Group Sh should 
e x tin g u is h  fa s te r  than Group 0. There was no evidence o f th is  in  
M ackintosh, Bygrave and P ic to n 's  da ta , bu t Pearce and H a ll (1980, 
p546) c la im  to  have found an analogous r e s u l t :  A f te r  many tone— >weak
shock t r i a l s .  Group Sh were presented w ith  one tone— >strong shock 
t r i a l  be fo re  e x t in c t io n  t r i a l s ,  whereas the  C o n tro l Group had another 
tone-weak shock p a ir in g  on the  la s t  c o n d it io n in g  t r i a l .  Group Sh 
ex tingu ished  fa s te r ,  due, accord ing  to  Pearce and H a ll ,  to  the  
increase in  a s s o c ia b i l i ty  caused by the  s u rp r is in g ly  s tro n g  shock.
I t  has been shown th a t  the  P earce-H all th e o ry , l i k e  the  
M ackintosh th e o ry , most re a d i ly  accounts f o r  the  M ackintosh s i.  a i  
r e s u lt  i f  th e re  is  a d is s o c ia t io n  between 's u rp r is in g n e s s *  and the 
asymptote o f a s s o c ia tiv e  s tre n g th  (L ) .  Th is was no t p o ss ib le  
accord ing  to  t h e i r  fo rm u la tio n  o f th e  th e o ry , bu t can e a s ily  be 
acccmmodated by a d d it io n  o f an e x tra  parameter ( ie ,  B ).
The M ackintosh th e o ry  had an a d d it io n a l,  and more se rio u s , 
problem in  th a t the  fo rm u la  f o r  changes in  a s s o c ia b i l i ty  d id  no t 
s p e c ify  an increase in  a s s o c ia b i l i ty  in  Group Sh-0, over Group 0-Sh 
(us ing  a r a t io  measure was an ad hoc way o f c ircum ven ting  th is  
problem ). However, the  Pearce -H a ll theo ry  has no such problem, and so 
appears to  be a b e t te r  account o f the  Mackintosh (1977) r e s u l t .
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Chapt er à 
BRIEF REVIEW ££ IHE ASSOCIABILITY
Since Pearce and H a ll pub lished  t h e ir  theo ry  in  1980, much work 
has been undertaken to  te s t  i t s  p re d ic t io n s . So in  th is  ch a p te r, I  
s h a ll compare the  P earce -H a ll th e o ry  w ith  the M ackintosh and Wagner 
th e o r ie s , and the  le s s  fo rm a l ideas o f re p re se n ta tio n  c o m p e tit io n  and 
a s s o c ia tiv e  in te r fe re n c e  (described  below ). The ex tens ive  l i t e r a t u r e  
on b lo ck in g  and pre-exposure e f fe c ts  w i l l  be d e a lt  w ith  in  la t e r  
chap te rs .
H a ll and Pearce (1982) produced the fo llo w in g  experim ent as
support fo r  t h e ir  th e o ry  (Tab le  2 ) .
TABLE 2 : DESIGN OF HALL AND PEARCE (1982) EXPERIMENT
Stage 1 Stage 2 Stage 3
Group A L ig h t— >weak shock Tone— >strong shock
Group B Tone— >weak shock Tone— >strong shock
Group C Tone— >weak shock Tone on ly  Tone— >strong shock
6 t r ia l / d a y  f o r  10 days 2 t r i a l s /  4 t r ia ls /o n e  day
0.5 mA, 0 .5  sec shock one day 2 mA, 0 .5  sec shock
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A l l  groups were te s te d  w ith  tone— >strong shock t r i a l s  in  stage 
3. In  stage 1, Group B had the  same tone , bu t fo llo w e d  by a weak 
shock, whereas Group A was presented w ith  a l i g h t  be fo re  each weak 
shock. On the  f i r s t  stage 3 t r i a l .  Group B d isp layed  g re a te r
co nd ition ed  suppression than Group A, bu t th e re a f te r  the  d iffe re n c e  
was reve rsed . Th is suggests th a t  Group B had a g re a te r tone-shock 
a s s o c ia tio n  a t  the  beg inn ing  o f stage 3 than Group A, bu t le a rn t  
s low er. Th is slew le a rn in g  in  Group B is  because the  events th a t  
fo llo w e d  the  tone were f u l l y  p re d ic te d  by the  end o f stage 1, causing 
a d e c lin e  in  the  to n e 's  a s s o c ia b i l i ty  (accord ing  to  Pearce and H a l l ) ,  
and so the  tone was n o t processed in  a way which produces much
a s s o c ia tiv e  le a rn in g , in  stage 3. Group C was id e n t ic a l to  Group B, 
except th a t  the  tone was presented on i t s  own, tw ic e , in  stage 2. 
Group C le a rn t  in  e x a c tly  the  same way as Group A. Th is r e s u l t  is  
com patib le  w ith  the  view th a t  the  tone o n ly  t r i a l s  f o r  Group C
re s to re d  the  a s s o c ia b i l i ty  o f the  tone (as the  absence o f the  weak 
shock was s u rp r is in g )  and weakened the  tone-shock a s s o c ia tio n  (due to  
the standard process o f e x t in c t io n ) .
Pearce and H a l l 's  co nc lus ion  was th a t  the  tone had low
a s s o c ia b i l i ty  a f te r  the  many stage 1 t r i a l s ,  and th a t  the s u rp r is in g  
absence o f the  weak shock in  Group C, stage 2, increased the  to n e 's  
a s s o c ia b i l i ty .  O bv ious ly , bo th  these conclus ions d i r e c t ly  c o n tra d ic t  
th e  Mackintosh th e o ry : in  stage 1, the  tone is  a good p re d ic to r  o f
the weak shock, and so should have h igh  a s s o c ia b i l i ty .  In  stage 2, 
the  tone is  a worse p re d ic to r  o f 'n o th in g ' than the  co n te x tu a l cues, 
and consequently the  to n e 's  a s s o c ia b i l i ty  should d e c lin e .
These re s u lts  do no t r e a d i ly  f i t  w ith  Wagner's th e o ry ; Both
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Groups B and C should have reduced processing o f the  tone a f te r  stage 
1, as a co n te x t-to n e  a s s o c ia tio n  w i l l  render the  occurrence o f the  
tone le s s  s u rp r is in g .  I t  is  u n l ik e ly  th a t  the  tone o n ly  t r i a l s  make 
subsequent p re se n ta tio n s  o f the  tone more s u rp r is in g .  B u t, H a ll and 
Pearce (1982) argued th a t  th e  absence o f the weak shock f o r  the  stage 
2 t r i a l s  could change the  perce ived c o n te x t, and hence make the  to n e ’ s 
occurrence more s u rp r is in g .  F o rtu n a te ly , they (H a ll and Pearce, 1982, 
Experiment 3) c o n tro lle d  f o r  t h is  p o s s ib i l i t y  in  a subsequent 
experim ent, and s t i l l  found a s u b s ta n t ia l r e s u lt .
However, th is  e xp la n a tio n  in v o lv in g  a change in  a s s o c ia b i l i ty  o f  
th e  tone , is  no t the  o n ly  one. In  Group B, i t  is  reasonable to  argue, 
any re s id u a l knowledge o f the  tone— >weak shock p a ir in g s ,  would reduce 
the  r a t ’ s response to  the  tone , in  stage 3, as i t  would be u n c e rta in  
o f the  in te n s ity  o f the imminent shock. That is  ’ re p re s e n ta tio n  
c o m p e tit io n ’ o r 'a s s o c ia t iv e  in te r fe re n c e ' may e x p la in  the  H a ll and 
Pearce r e s u lt  w ith o u t recourse to  the  idea o f changes in  
a s s o c ia b i l i t y .  The idea  o f re p re s e n ta tio n  c o m p e tit io n  is  s t ra ig h t  
fo rw a rd : an anim al cannot w ith  c e r ta in ty  expect two incom pa tib le
events to  happen a t once I So, accord ing  to  th is  account, in  stage 3, 
Group B has an e q u a lly  s tro n g  e xp e c ta tio n  o f the s tro n g  shock as Group 
C, bu t t h is  is  no t re f le c te d  in  behaviour, as th is  group has, in  
a d d it io n ,  a s tro n g  e x p e c ta tio n  o f weak shock, which makes them le s s  
fe a r fu l  (w ith  e x t in c t io n  o f Group C’ s tone— >weak shock re p re s e n ta tio n  
o c c u rr in g  d u r in g  the  2 tone o n ly  t r i a l s ) .  Th is  re p re s e n ta tio n  
c o m p e titio n  account can be s ta te d  in  more c o g n it iv e  term s. Animals in  
Group B a f te r  one stage 3 t r i a l  remember many tone-weak shock t r i a l s  
and one to n e -s tro n g  shock t r i a l ,  so they are le s s  a f ra id  than animals
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in  Group C who do n o t remember the  tone-weak shook t r i a l s  so w e ll ,  
because o f the  e x t in c t io n  t r i a l s .
The idea o f a s s o c ia tiv e  or concu rren t in te r fe re n c e  has been 
advocated by Revusky (1971): " th e  p ro b a b il i ty  and /o r s tre n g th  o f an 
a s s o c ia tio n  between any E -p re * and E -p o s t**  decreases as a fu n c t io n  o f 
the s tre n g th  and number o f the  fo llo w in g  types o f a s s o c ia tio n s : 1)
a s s o c ia tio n s  o f E -p re -X ***  w ith  E -pos t, and 2) a s s o c ia tio n s  o f E -pre 
w ith  E -p o s t-X *** * "  (p i 64 ). A lthough Revusky tended to  d iscuss 
in te r fe r in g  a sso c ia tio n s  th a t  occurred on the  same t r i a l ,  th e re  is  no 
reason why the idea cannot be extended to  oases where the  d i f fe r e n t  
a s s o c ia tio n s  occur on d i f f e r e n t  t r i a l s ,  as in  the  H a ll and Pearce 
experim ent. Can we make t h is  ex tens ion  s u f f i c ie n t ly  p re c ise  to
generate m eaningfu l p re d ic tio n s ?  Revusky*s f i r s t  r u le  t e l l s  us th a t  
fo rm a tio n  o f the  E1-E2 a s s o c ia tio n  decreases w ith  a s s o c ia tio n  o f o th e r 
E ls  w ith  the  E2. I f  i t  is  assumed th a t  the  o th e r E ls  must be 
presented on the  E1-E2 t r i a l s ,  then th is  is  s t r i k in g ly  s im ila r  to  
Pearce and H a l l 's  view th a t  the  E2 must be s u rp r is in g  f o r  E1-E2
le a rn in g  to  take  p la ce , ie ,  @(E1) = |L(E2) -  V ( a l l  E ls — >E2)1. One 
d iffe re n c e  is  th a t  f o r  Pearce and H a ll th e re  is  a de lay  o f one t r i a l :  
changes in  s u rp ris in g n e ss  on one t r i a l  do n o t a f fe c t  the  a s s o c ia b i l i ty  
on th a t  t r i a l ,  bu t do on the  n e x t. Th is is  no t so f o r  the  a s s o c ia tiv e  
in te r fe re n c e  th e o ry . So Revusky's th e o ry  p re d ic ts  one t r i a l  b lo c k in g , 
whereas Pearce and H a ll do n o t. Revusky' s second ru le  c la im s th a t  an 
E1-E2 a s s o c ia tio n  is  reduced when the  El is  assoc ia ted  w ith  o th e r E2s.
In  some ways th is  is  the  reve rse  o f the  M ackintosh th e o ry . Mackintosh
sa id  th a t the  a s s o c ia b i l i ty  o f an El increases i f  i t  is  a b e t te r
*  ie ,  E l.  * *  ie ,  E2. * * *  ie ,  o th e r E ls . * * * *  ie ,  o th e r E2s.
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p re d ic to r .  Revusky im p lie s  th a t  the  ’ a s s o c ia b i l i t y ' o f  an El
decreases w ith  E1-E2 a s s o c ia tio n s .
The re p re s e n ta tio n  c o m p e titio n  idea dea ls w ith  the  H a ll and 
Pearce (1982) experim ent under d is c u s s io n , bu t is  unable to  e x p la in  
th e  experim ent mentioned by Pearce and H a ll (1980, p546) o u t lin e d
above ( in  which a s u rp r is in g  s tron g  shock increases the  ra te  o f
e x t in c t io n ) .  A re p re s e n ta tio n  o f the  s u rp r is in g  s tron g  shock in  Group 
Sh may produce c o n f l i c t  between responses a p p ro p ria te  f o r  weak and 
s tron g  shocks; b u t i t  is  im p la u s ib le  to  suggest th a t  th is  c o n f l ic t  
would m an ifes t i t s e l f  as fa s te r  e x t in c t io n .  The a s s o c ia tiv e  
in te r fe re n c e  account can, however, e x p la in  t h is :  The to n e -s tro n g
shock a s s o c ia tio n  weakens the  tone-weak shock a s s o c ia tio n , and d u rin g  
e x t in c t io n  bo th  o f these a s s o c ia tio n s  decrease as i f  the  o th e r tra ce  
was n o t p resen t. Thus, because the  b e t te r  le a rn t  tone-weak shock
a s s o c ia tio n  s ta r ts  e x t in c t io n  a t a low er le v e l in  Group Sh, fa s te r
e x t in c t io n  is  observed in  t h is  Group.
The M ackintosh ja t a l. (1977) experim ent in d ic a te d  th a t  changes in  
a s s o c ia b i l i ty  do occur, b u t the  M ackintosh theo ry  and the  P earce-H a ll 
th e o ry  p rov ide  s t r i k in g ly  d i f f e r e n t  accounts. As the  H a ll and Pearce 
(1982) r e s u lt  can n o t be exp la ined  by the M ackintosh theo ry  (which 
p re d ic ts  th a t  the  tone w i l l  have h igh  a s s o c ia b i l i ty  a f te r  tone— >weak 
shock p a ir in g s ) ,  we need to  eva lua te  the  P earce-H a ll theo ry  r e la t iv e  
to  a combined M ackintosh the o ry  p lus  a s s o c ia tiv e  in te r fe re n c e  account. 
F u rth e r experim ents w i l l  be discussed which in d ic a te  th a t  the 
a s s o c ia tiv e  in te r fe re n c e  account is  extrem ely p la u s ib le .
Kasprow, Sohachtman and M i l le r  (1985) re p lic a te d  the H a ll and 
Pearce (1979)* (page 40) r e s u l t ,  and then repeated the  experim ent
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us ing  iced  w a te r as the  s tro n g ly  ave rs ive  s tim u lu s , in  stage 3,
Instead o f the  s tro n g  shock. They claimed th a t  a s s o c ia tiv e
# 1
in te r fe re n c e  is  l i k e l y  between a weak and a s trong  shock as the  events 
a re  s im ila r ,  b u t u n l ik e ly  between a weak shock and iced  w a te r. They 
reasoned th a t  a r e p l ic a t io n  o f the  H a ll and Pearce r e s u lt  us ing  th is  
procedure would fa v o u r the  P earce-H a ll e xp la n a tio n ; and a b o l i t io n  o f ■
the  e f fe c t  would fa v o u r an a s s o c ia tiv e  in te r fe re n c e  e x p la n a tio n . When 
iced  w a te r was used. Group A o n ly  showed s ig n i f ic a n t ly  g re a te r 
cond itioned  suppression than Group B on t r i a l  2 (p<0.05) o f  the  4
e x t in c t io n  te s t  t r i a l s ,  compared w ith  s ig n i f ic a n t ly  g re a te r 
suppression on a l l  4 te s t  t r i a l s  (p<0.005) when the  s tron g  shock was 
used (See Table 2, page 35, f o r  d e s ig n ). Thus, the  a tte n u a tio n  o f the 
d iffe re n c e  between groups, due to  q u a l i ta t iv e  changes in  the  ave rs ive  
s tim u lu s , favou rs  the  a s s o c ia tiv e  in te r fe re n c e  account. The re s id u a l Id iffe re n c e  is  c o n s is te n t w ith  Pearce and H a l l 's  a n a ly s is , bu t i t  may 
be due to  s im i la r i t y  between the  iced w a te r and weak shock (eg, 
a ve rs ive  w ith  sudden o n s e t). Hence i t  is  p o ss ib le  th a t  the  
experim enta l re s u lts  which a re  the  e m p ir ic a l fo u n d a tio n  o f the  
Pearce -H a ll theo ry  may be examples o f a q u ite  d i f f e r e n t  phenomenon 
( ie ,  a s s o c ia tiv e  in te r fe re n c e ) ,  and t e l l  us l i t t l e  about a s s o c ia b i l i ty  
changes.
Ayres, Moore and V ig o r ito  (1984) have produced evidence th a t
*  H a ll and Pearce 's 1979 experim ent was the  same as the  1982 
experim ent except th a t  Group C was absent. The re ta rde d  le a rn in g  o f 
Group B compared w ith  Group A in d ic a te s  (acco rd ing  to  H a ll and 
Pearce) th a t  the  a s s o c ia b i l i ty  o f the  tone goes down d u rin g  
tone— >weak shock p a ir in g s .
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streng thens t h is  v ie w , a lb e i t  from  a com ple te ly  d i f fe r e n t  d ire c t io n .  
The P earce -H a ll th e o ry  is  in tended to  account f o r  a wide body o f 






demonstrated in  ra b b it  e y e - l id  c o n d it io n in g  experim ents, the  H a ll and el;' d'D-;
Pearce (1979) r e s u l t  should a lso  be dem onstrable. However, in  an 
exhaustive  s e r ie s  o f experim ents, Ayres a t  jaL cou ld  n o t re p lic a te  th is  
re s u lt  us ing  e y e - l id  c o n d it io n in g . In  consequence, they  c la im ed th a t 
b lo c k in g  must be independent o f  the  processes w hich cause the  H a ll and 
Pearce r e s u l t .  Thus, the  P earce -H a ll e f fe c t  cannot be due to  a
:
genera l le a rn in g  mechanism. But w ith o u t knowing why Ayres ê t  a l  d id  
n o t f in d  the  H a ll and Pearce r e s u lt ,  i t  is  d i f f i c u l t  to  assess the  
im portance o f th is  f a i lu r e .  There are  many procedura l d iffe re n c e s  
between e y e -b lin k  and co n d itio n e d  suppression experim ents; a ls o , the
i
M
H a ll and Pearce r e s u l t  r e l ie s  upon the  a s s o c ia b i l i ty  d iffe re n c e  be ing 
more im po rtan t than the  a s s o c ia tiv e  s tre n g th  d iscrepancy. So, i t  is  
p o s s ib le  th a t  one o f the  p rocedura l d iffe re n c e s  a lte re d  the  r e la t iv e  
im portance o f the  a s s o c ia b i l i t y  and a s s o c ia tiv e  s tre n g th  d iffe re n c e s .
I f  the  H a ll and Pearce f in d in g  is  due to  a s s o c ia tiv e
in te r fe re n c e , i t  would s t i l l  be n ice  to  know why the  f in d in g  is  no t ij*
.
re p lic a b le  in  the  e y e -b lin k  paradigm. Indeed, Sw artzentruber and 
Bouton (1986) say th a t  t h e i r  experim ents suggest one p o ss ib le  n/
procedura l d if fe re n c e . They found th a t  a change in  co n te x t abo lishes  
the  H a ll and Pearce (1979) r e s u l t .  T he re fo re , the  Ayres s i.  SlL  f a i lu r e  
to  f in d  the  r e s u lt  w ith  e y e -b lin k  c o n d it io n in g  may be because the  ve ry
fre q u e n t s tro n g  shock in  te s t  produced a change in  the  perce ived
c o n te x t. A lthough th is  so lves one problem f o r  Pearce and H a ll ,
another q ue s tion  is  ra is e d : Why should a con tex t change re in s ta te  the
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a s s o c ia b i l i ty  o f a CS? SuraLy, the  r e s u lt  is  evidence f o r  the Wagner 
theory?  As I  suggest in  Chapter 7 , a l l  th e o r ie s  im p l ic i t l y  w i l l  
in c lu d e  some con tex t s p e c i f ic i t y  o f  le a rn in g , so S w artzentruber and 
Bouton*s da ta  is  no t p a r t ic u la r ly  embarrassing to  the  Pearce -H a ll 
th e o ry . A lso , i t  i s  H a ll and Pearce 's 1982 r e s u l t  which is  
in e x p lic a b le  by th e  Wagner th e o ry , n o t the  1979 one; so Wagner cannot 
be helped by these da ta .
Pearce, H a ll and Kaye have re c e n t ly  produced a d d it io n a l evidence 
to  support t h e ir  th e o ry . I t  is  necessary to  b r ie f ly  rev iew  these 
experim ents which a l l  used ra ts  as the  su b je c ts .
To in v e s tig a te  the  amount o f processing o f a l i g h t  s tim u lu s , Kaye 
and Pearce (1984a) assumed th a t  the  o r ie n t in g  response was an index 
"o f  the  processing a ffo rd e d  to  th a t  s tim u lu s "  ie ,  changes in  the 
o r ie n t in g  response in d ic a te  changes in  a s s o c ia b i l i ty .  In  a number o f 
experim ents, Kaye and Pearce measured bo th  magazine approach ( to  
a s c e r ta in  the  degree o f c o n d it io n in g )  and the  o r ie n t in g  response, in  
the  presence o f a d is c re te  l i g h t ,  w h ich was a co n d itio n e d  s tim u lu s  f o r  
food reward. A r a t  was counted as o r ie n t in g  tcwards the  l i g h t  i f  i t  
was re a r in g  up to  the  l i g h t ,  o r  i f  i t  was a c tu a lly  to u ch in g  the  l i g h t  
w ith  face o r f r o n t  paws. They found th a t  the  o r ie n t in g  response 
dec lin ed  as c o n d it io n in g  inc reased , but th is  was no t due to  
co m p e titio n  w ith  the  magazine approach behaviour; th a t  a change in  
re in fo rcem en t ( ie ,  a s u rp r is in g  sw itch  to  no food reward) re in s ta te d  
th e  o r ie n t in g  response; and th a t  p a r t ia l  re in fo rcem en t m ain ta ined the  
o r ie n t in g  response. These re s u lts  a re  a l l  in  agreement w ith  the  
Pearce -H a ll account o f changes in  a s s o c ia b i l i ty .  The more s tro n g ly  
expected the  outcome, the  weaker the  o r ie n t in g  response.
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S im ila r ly ,  Pearce, Kaye and H a ll (1983) reasoned th a t  p a r t ia l  
re in fo rcem en t o f a s tim u lu s  w i l l  m a in ta in  p rocessing  o f the  s tim u lu s  
as the  outcome o f each t r i a l  is  always in  doub t. Thus, in  an 
ex tens ion  o f the  H a ll and Pearce (1979) experim ent, they found th a t  
pre-exposure to  a tone fo llo w e d  by a weak shook on 100% o f t r i a l s ,  
re ta rd s  le a rn in g  o f a tone— >strong shock a s s o c ia tio n  more than 
pre-exposure to  a tone fo llo w e d  by weak shock on 50% o f  t r i a l s .
So, Pearce je t aX. and, Kaye and Pearce have shown th a t  p a r t ia l  
ra th e r  than continuous re in fo rcem en t o f a l i g h t  leads to  more 
o r ie n t in g  to  the  l i g h t ,  and fa s te r  le a rn in g  o f a subsequent 
a s s o c ia tio n  in v o lv in g  th a t  l i g h t .  I t  appears th a t  these re s u lts  can 
a ls o  be exp la ined in  terms o f a s s o c ia tiv e  in te r fe re n c e . I f  the  
tone— >weak shock p a ir in g s  o n ly  occur on 50% o f  t r i a l s  in  which the  
tone is  presented, i t  is  po ss ib le  th a t  th is  w i l l  produce a weaker* 
tone— >weak shock a s s o c ia tio n , even when matched f o r  the number o f 
shock t r i a l s ;  the  tone— >no shock t r i a l s  w i l l  p a r t ia l l y  e x tin g u is h  the  
tone— >weak shock a s s o c ia tio n ; so the  tone w i l l  more re a d i ly  e n te r  
in to  subsequent a s s o c ia tio n s . L ikew ise , in  Kaye and Pearce 's 
Experiment 4, a l i g h t  was fo llo w e d  by a tone and then a food p e l le t ,  
e i th e r  c o n s is te n tly ,  o r  on h a l f  o f  the  l i g h t  t r i a l s  ( th e  o th e r h a l f  
were l i g h t  o n ly  t r i a l s ) .  The subsequent l i g h t — >food d ire c t  
a s s o c ia tio n  was le a rn t  fa s te r  in  th e  p a r t ia l ly  rewarded group, than in  
the  c o n s is te n tly  rewarded group. Th is cou ld  be because the  
l i g h t — >tone— >food a s s o c ia tio n s  were s tron ge r in  the  c o n s is te n tly  
rewarded group; on re c e iv in g  l i g h t — >food t r i a l s ,  these two 
a s s o c ia tio n s  ( l i g h t — >tone— >food, and l i g h t — >food) w i l l  in te r fe re .  
The c o n s is te n tly  rewarded group w i l l  be more l i k e l y  to  'e x p e c t' the
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food a fte r* a tone , ra th e r  than ImmediateLy, and so would d is p la y  
re ta rde d  le a rn in g  o f the  l i g h t — >food d ire c t  a s s o c ia tio n , r e la t iv e  to  
the  p a r t ia l ly  rewarded group. Th is  is  the  standard re p re s e n ta tio n  
c o m p e titio n  argument.
Th is  experim ent a ls o  showed th a t the  o r ie n t in g  response was 
m ainta ined in  the p a r t ia l ly  rewarded group, bu t n o t in  the 
c o n s is te n tly  rewarded group. I f ,  as Kaye and Pearce c la im , the  
o r ie n t in g  response is  a measure o f the  processing  a ffo rd e d  to  the  
s tim u lu s , then  th is  cou ld  be because the l i g h t — >tone a s s o c ia tio n  is  
weaker in  the p a r t ia l ly  rewarded group. That is  to  say, the  amount o f 
p rocessing is  in v e rs e ly  re la te d  to  th e  a s s o c ia tiv e  s tre n g th  o f the  E l . 
The M ackintosh th e o ry  p re d ic ts  the  oppos ite  r e s u l t :  the  l i g h t  in  the
c o n s is te n tly  rewarded group should be processed more. Wagner's model 
in d ic a te s  th a t  the  s u rp r is in g  occurrence o r absence o f the  reward in
*  P a r t ia l re in fo rcem en t u s u a lly  leads to  slower e x t in c t io n  ra te s  in  
in s tru m e n ta l le a rn in g  paradigms; bu t t h is  should n o t be taken as 
evidence fo r  s tro n g e r a ss o c ia tio n s  in  p a r t ia l  as opposed to  
continuous re in fo rcem en t c o n d it io n s . " P a r t ia l re in fo rcem en t 
increases re s is ta n c e  to  e x t in c t io n  because i t  e s ta b lis h e s  
a sso c ia tio n s  th a t  a re  a p p ro p ria te  f o r  m a in ta in in g  performance d u rin g  
the  c o n d it io n s  encountered d u rin g  e x t in c t io n . "  (M ackintosh 1974, 
p438). Thus a d d it io n a l ideas are re q u ire d  to  e x p la in  p a r t ia l  
re in fo rce m e n t: perhaps an in te n s ity  : d u r a b i l i t y  (o r
s tre n g th :p e rs is te n c e )  d is t in c t io n  is  re q u ire d ; in  which case, 
p a r t ia l  re in fo rcem en t leads to  a more durab le  bu t le s s  in ten se  
a s s o c ia tio n , and the  in te n s ity  o f  the a s s o c ia tio n  is  the  re le v a n t 
v a r ia b le  when assessing th e  s u rp ris in g n e ss  o f s t im u l i .
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th e  p a r t ia l ly  rewarded group w i l l  d is ru p t  le a rn in g  o f the  
c o n te x t - l ig h t  a s s o c ia tio n ; t h is  weaker c o n te x t - l ig h t  a s s o c ia tio n  leads 
to  g re a te r  p rocessing  o f the  l i g h t :  in  agreement w ith  the  evidence.
However, i t  has to  re s o r t  to  p o s tu la tin g  a change in  c o n te x t to  
e x p la in  why a s h i f t  to  non-reward should increase  process ing  (see Kaye 
and Pearce, 1984a, above); and H a ll and Pearce (1982) showed th a t  t h is
f
e xp la n a tio n  was no t tenab le  f o r  t h e i r  experim ent. Revusky’ s 
a s s o c ia tiv e  in te r fe re n c e  th e o ry  in d ic a te s  th a t  the  l i g h t  is  more 
re a d ily  associa ted  when i t  has weaker a sso c ia tio n s  w ith  E2s. I f  i t  is  æ
assumed th a t  t h is  ease o f being associa ted  equates w ith  g re a te r 
p rocess ing , then  a s s o c ia tiv e  in te r fe re n c e  f i t s  the  da ta  ve ry  w e ll .
. r-y
Severa l experim ents have been b r ie f ly  reviewed which were 
designed to  te s t  the  P earce -H a ll th e o ry . The P earce -H a ll theo ry  
prov ides a neat and coherent account o f most o f the  r e s u lts ,  bu t the  .A; 
idea  o f a s s o c ia tiv e  in te r fe re n c e  can a lso  e x p la in  these re s u lts .  Th is 
s im i la r i t y  is  no t s u rp r is in g ,  as, in  my fo rm u la tio n . Revus k y 's  f i r s t  
ru le  f o r  a s s o c ia tiv e  in te r fe re n c e  is  b e h a v io u ra lly  id e n t ic a l to  the  
Pearce-H a ll th e o ry , except th a t  in te r fe re n c e  can take  place w ith in  a
'■i.f
s in g le  t r i a l .
■Chapter 5.
BILKING? IMPLICATIONS ÏQR ASSOCIABILITY
I t  was shown th a t  th e  M ackintosh, Bygrave and P ic to n  (1977) 
r e s u l t  was hard to  e x p la in  p u re ly  in  terms o f how w e ll the  events 
( l ig h t ,  tone  and shock) were p re d ic te d . The idea o f a s s o c ia b i l i ty  
changes was in tro d u ce d ; the  amount le a rn t  about co n d itio n e d  s t im u l i  
a ls o  depends on how w e ll th e  s t im u l i  p re d ic t subsequent even ts .
I  s h a ll new d iscuss whether a s s o c ia b i l i ty  changes are  necessary 
to  account f o r  the  more genera l and more tho ro u g h ly  in v e s tig a te d  
phenomenon o f b lo c k in g . I t  is  t ru e  th a t  the  M ackintosh ê t  aL 
experim ent employed a b lo c k in g  procedure, bu t t h e i r  procedure was 
r e la t iv e ly  complex in  th a t  the  number o f shock p re se n ta tio n s  va r ie d  
w ith in  stage 2 (Table 1 ). So i t  is  q u ite  poss ib le  th a t  W agner's model 
cou ld  account f o r  the  standard b lo c k in g  e f fe c t ,  and n o t account f o r  
the  M ackintosh r e s u l t .
lh &  B loak ing  E ffg ot
As I  sa id  in  Chapter 2, Kamln (eg, 1969) found th a t  c o n d it io n in g  
acqu ired by s tim u lu s  Q w ith  PQ— >Sh t r i a l s  was s u b s ta n t ia l ly  reduced 
(b locked) by p r io r  p re se n ta tio n s  o f  P— >Sh t r i a l s .  This bas ic  r e s u lt  
can be exp la ined by the  Wagner th e o ry : A f te r  many P— >Sh t r i a l s ,  the
shook is  f u l l y  expected ( ie ,  V (p )= L ), so th a t  no a d d it io n a l 
a s s o c ia tiv e  s tre n g th  can accrue to  s tim u lu s  Q (o r  P, f o r  th a t  m a tte r ) .  
On the  o th e r hand, th e  M ackintosh and P earce-H a ll th e o r ie s  c la im  th a t  
b lo c k in g  is  caused by a re d u c tio n  in  the a s s o c ia b i l i ty  o f the  added
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s tim u lu s  (Q). Thus le a rn in g  o f the  Q— >Sh a s s o c ia tio n  proceeds 
no rm a lly  on the  f i r s t  PQ— >Sh t r i a l .  Accord ing to  the  Mackintosh 
th e o ry , on th is  t r i a l  Q is  a much poorer p re d ic to r  o f  shock than P, so 
the  a s s o c ia b i l i ty  o f Q d e c lin e s  s u b s ta n t ia l ly ;  on the  second, and a l l  
subsequent t r i a l s ,  l i t t l e  is  le a m t  about Q in  consequence. Accord ing 
to  the  Pearce -H a ll th e o ry , on the  f i r s t  compound (PQ— >Sh) t r i a l ,  Q is  
fo llo w e d  by an e n t i r e ly  p re d ic te d  even t, so th a t  the  a s s o c ia b i l i ty  o f 
Q f a l l s  s u b s ta n t ia l ly ;  hence, th e re  is  l i t t l e  a s s o c ia tiv e  le a rn in g  to  
Q on a l l  t r i a l s  a f te r  the  f i r s t  one.
■Qne-trlal, B lock in g  
A m ajor d iffe re n c e  in  p re d ic t io n  between th e  Wagner theo ry  and 
the  M ackintosh and P earce -H a ll th e o r ie s  is  what happens on the  f i r s t  
compound t r i a l .  The Wagner theo ry  p re d ic ts  b lo c k in g  because Q is  
fo llo w e d  by an e n t i r e ly  p re d ic te d  even t, ie ,  one which w i l l  no t 
support fu r th e r  c o n d it io n in g ; whereas the  o th e r th e o r ie s  p re d ic t  
normal a s s o c ia tiv e  le a rn in g  as the  a s s o c ia b i l i ty  o f  Q is  s t i l l  h ig h  on 
the  f i r s t  t r i a l .
Mackintosh (1975b) performed 4 co n d itio n e d  suppression 
experim ents w ith  r a ts .  In  none o f them was th e re  evidence f o r  
o n e - t r ia l  b lo c k in g ; bu t 8 - t r i a l  b lo c k in g  was c o n s is te n tly  observed*. 
There was good (suppress ion  r a t io  about 0 .3 ) o n e - t r ia l  c o n d it io n in g  in  
the  overshadowing c o n d it io n  (R— >Sh, PQ— >Sh), so th a t  any o n e - t r ia l  
b lo c k in g  should have been d e te c ta b le  as the  data were on the s e n s it iv e  
p a r t o f the  sca le , ie ,  th e re  was l i t t l e  l ik e l ih o o d  o f c e i l in g  o r f lo o r  
e f fe c ts .  A lso , th e re  was l i t t l e  evidence f o r  any d iffe re n c e  in
*  Except when P— >Sh t r i a l s  were massed, and PQ— >Sh t r i a l s  were spaced.
47
suppression to  Q a f te r  1 o r  8 compound t r i a l s .  Thus th e re  appears to  
be a sharp d iffe re n c e  between the  f i r s t  and subsequent conpound 
t r i a l s ,  in  l i n e  w ith  the  P earce -H a ll and M ackintosh th e o r ie s . I t  
should be mentioned th a t  D ick inson , N icho las and M ackintosh (1983) 
claim ed to  dem onstrate o n e - t r ia l  b lo c k in g  by us ing  a tra c e  
c o n d it io n in g  procedure. U n fo r tu n a te ly , p r io r  exposure to  the US was 
no t c o n tro lle d  f o r ,  so they may have o n ly  observed h a b itu a t io n  to  the  
US.
However, th e  absence o f o n e - t r ia l  b lo c k in g  cou ld  be due to  
a sso c ia tio n s  formed between the  two CSs (P and Q). Thus, on the  f i r s t  
compound t r i a l ,  a lthough  V (p)=L, h ig h e r o rde r c o n d it io n in g  cou ld  s t i l l  
occur, accord ing to  the  Wagner th e o ry , i f  s tim u lu s  P is  n o t f u l l y  
p re d ic te d . This means Q becomes associa ted  w ith  P, b u t no t d i r e c t ly  
w ith  the  US because b lo c k in g  has a c tu a lly  occurred on the  f i r s t  
compound t r i a l .
B a laz, Kasprow and M i l le r  (1982) used ve ry  s h o rt CS d u ra tio n s  (5 
se c ), c la im in g  th a t  t h is  reduces CS-CS a s s o c ia tio n s ; and su p p o rtin g  
the  Wagner th e o ry , demonstrated s u b s ta n tia l o n e - t r ia l  b lo c k in g . This 
is  a ve ry  se riou s  blow to  the  M ackintosh and Pearce -H a ll th e o r ie s . 
W ithou t ra th e r  d ra s t ic  a l te r a t io n s ,  n e ith e r  theo ry  can accommodate 
th is  r e s u l t .
B ow ngh lft Unblocking
In  the  b lo c k in g  paradigm, i f  a t  the  s ta r t  o f compound 
c o n d it io n in g , th e re  is  an increase in  the  s tre n g th , d u ra tio n  o r  number 
o f  US p re s e n ta tio n s , then  th e  a b i l i t y  o f the  p re - tra in e d  CS to  b lo ck  
the  nove l CS is  a tte n u a te d : Th is  is  c a lle d  u p s h if t  unb lock ing  (eg.
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P— >Sh, PQ— >Sh + Sh). Wagner’ s th e o ry  in d ic a te s  th a t  th is  is  due to  
an increase in  th e  s tre n g th  o f the  asym ptote, thus a llo w in g  
a s s o c ia tiv e  le a rn in g . Both the  M ackintosh and the  P earce-H a ll 
th e o r ie s  a llo w  f o r  th a t  s o r t  o f  e xp la n a tio n , bu t they a lso  p re d ic t  
g re a te r a s s o c ia b i l i ty  f o r  the  nove l CS i f  the  va lue  o f the  US is  
in c rea sed .
The m ajor d iffe re n c e  between th e  two se ts  o f th e o r ie s  is  th a t  the  
's u rp r is in g n e s s ' models c la im  to  ' p r e d ic t ' th a t  unb lock ing  can occur 
w ith  a re d u c tio n  in  the  s tre n g th , frequency o r d u ra t io n  o f the  US 
(dow nsh ift u n b lo ck in g , eg, P— >Sh + Sh, PQ— >Sh). W ith  dow nsh ift
unb lock ing , th e re  is  g re a te r  e x c ita to ry  c o n d it io n in g  to  the  added
s tim u lu s , even though the  US is  weaker in  some way, d u r in g  compound 
c o n d it io n in g . For th e  M ackintosh theo ry  th is  is  because s tim u lu s  P is  
a le s s  v a l id  p re d ic to r  o f  the  US i f  the US is  changed in  any way, so 
th a t  s tim u lu s  Q lo ses  a s s o c ia b i l i ty  le s s  ra p id ly .  The P earce -H a ll 
theo ry  in d ic a te s  th a t  f o r  a f u l l y  p re d ic te d  US, any change in  the
va lue  o f the  US leads  to  g re a te r  a s s o c ia b i l i ty  o f a l l  s t im u l i
presented on th a t  t r i a l .  In  l in e  w ith  t h is ,  D ick inson , H a ll and
M ackintosh (1976) showed th a t  om ission o f a second shock (presented 8
seconds a f te r  the  f i r s t  shock) d u r in g  compound c o n d it io n in g  produced 
ju s t  as good unb lock ing  as a d d it io n  o f th e  second shock on the  
compound t r i a l s .  When the  c o n tro l group is  g iven  double shocks in
bo th  stage 1 and stage 2 ( ie ,  P— >Sh + Sh, PQ— >Sh + Sh), t h is  is
c a lle d  a 'h ig h ' c o n tro l ; and w ith  a s in g le  shook in  bo th  stages, i t  is  
a 'lo w ' one. D ick in son  ah a i . '8 dem onstra tion  o f dow nsh ift unb lock ing  
was w ith  respec t to  both  the  h ig h  and lew c o n tro l groups.
Thus i t  appears th a t  unb lock ing  due to  om ission o f a second shock
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is  re a d ily  exp la ined by th e  a s s o c ia b i l i ty  th e o r ie s , bu t is  
in e x p lic a b le  in  term s o f Wagner’ s th e o ry , which always p re d ic ts  
cond ition ed  in h ib i t io n  ( ra th e r  than e x c ita t io n )  a f te r  p re s e n ta tio n  o f 
a weaker than expected re in fo r c e r .  There are th re e  problems w ith  
in te rp re t in g  dow nsh ift unb lock ing  as support f o r  the  n o tio n  o f changes 
in  a s s o c ia b i l i ty .  F i r s t ,  the  a s s o c ia b i l i ty  th e o r ie s  do n o t in  fa c t  
g iv e  such a sim ple account o f unb lock ing ; second, Wagner’ s theo ry  
cou ld  p o s s ib ly  account f o r  the  re s u lts  w ith  the  added idea o f CS-CS 
a s s o c ia tio n s ; and t h i r d ,  unb lock ing  is  much more complex and le s s  w e ll 
understood than was p re v io u s ly  th o u g h t. As a l l  th re e  p o in ts  a re  
im p o rtan t I  s h a ll d iscuss  them in  d e ta i l .
Thg IWMntash AQ.oounfc suL Unblgfiking.
According to  the  M ackintosh th e o ry , on the  f i r s t  compound t r i a l ,  
the  change in  a s s o c ia b i l i ty  o f  the  added s tim u lu s  (Q) depends upon how 
w e ll the  b lo c k in g  s tim u lu s  (P) p re d ic ts  the  E2. So, assuming 
asym pto tic  c o n d it io n in g , w ith  the  standard b lo c k in g  procedure (many 
P— >Sh t r i a l s ,  then  many PQ— >Sh t r i a l s ) ,  we haves
V(p)=L th e re fo re
d@(q) = | L — L) — |L — 0{ — e j .j
= -  L -  e ie ,  @(q) d e c lin e s  ra p id ly .  ^
W ith  u p s h if t  unb lock ing  (P— >Sh, then  PQ— >Sh + Sh), I  s h a ll
assume th a t  the  asymptote goes from  L to  2L, th e re fo re ; i
dê(q) = |2L -  L i -  I2L -  0! -e
= -  L -  e ie ,  §(q) d e c lin e s  ra p id ly .
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F in a l ly ,  w ith  dow nsh ift unb lock ing  (P— >Sh + Sh, then PQ— >Sh), 
le t  the asymptote change from  2L to  L .
d@(q) = }L — 2L i — }L — 0 ! — e
= -  e ie ,  a ve ry  sm all d e c lin e .
In  the  b lo c k in g  c o n d it io n , the  M ackintosh theo ry  in d ic a te s  th a t  
the re  is  a ra p id  d e c lin e  in  a s s o c ia b i l i ty  f o r  the  added s tim u lu s  (Q). 
When an u p s h if t  in  r e in fo r c e r  va lue  occurs a t  the  s ta r t  o f compound 
t r a in in g ,  the  model p re d ic ts  ju s t  as ra p id  a d e c lin e  in  a s s o c ia b i l i ty .  
The re fo re , the  e x p la n a tio n  f o r  u p s h if t  unb lock ing  must be in  the  
p o s s ib i l i t y  o f g re a te r a s s o c ia tiv e  le a rn in g  d e sp ite  e q u a lly  ra p id
d e c lin e  in  a s s o c ia b i l i t y .  As
dV(q) = § B [L  -  V(q)3 
a change from  L to  2L w i l l  lead to  tw ice  as much a s s o c ia tiv e  le a rn in g  
o f Q— >US on the  f i r s t  compound t r i a l .  However, we saw, w h ile  
ana lyz in g  the  M ackintosh jst. aL  r e s u lt ,  th a t  M ackintosh cla im s th a t  two 
shocks te n  seconds a pa rt have the  same va lue  o f  L as one shock. 
D ick in son , H a ll and M ackintosh (1976) demonstrated u p s h if t  unb lock ing  
w ith  two shocks e ig h t seconds a p a rt; so some a l te r a t io n  to  the
Mackintosh theory  is  needed to  enable the  model to  account f o r  u p s h if t  
unb lock ing . The changes suggested in  Chapter 3 would s u f f ic e ,  as th is  
problem was one o f the  reasons why the  M ackintosh s i.  a l  (1977) r e s u lt  
cou ld  no t be m odelled by the  Mackintosh th e o ry . This p a r t ic u la r  
a l te r a t io n  (us ing  a r a t io  measure) in d ic a te s  an increase in  
a s s o c ia b i l i ty  w ith  an u p s h if t  in  re in fo rc e r  va lue  a t  th e  s ta r t  o f 
compound c o n d it io n in g .
D ow nsh ift unb lock ing  is  exp la ined  by the  M ackintosh theo ry  as an 
a tte n u a tio n  o f the  d e c lin e  in  the  a s s o c ia b i l i ty  o f  the  added s tim u lu s
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(o n ly  i f  V (p) is  la rg e r  than the  low er asym ptote). Whether t h is  
s low er d e c lin e  in  a s s o c ia b i l i ty  is  more than s u f f ic ie n t  to  o f fs e t  the  
re d u c tio n  in  a s s o c ia tiv e  le a rn in g  due to  a low er asymptote depends 
upon the  a c tu a l va lues used in  the  c a lc u la t io n s .
The m ajor problem w ith  the  M ackintosh (1975a) th e o ry  in  terms o f 
dow nsh ift unb lock ing  is  whether o r no t co n d itio n e d  in h ib i t io n  should 
occu r. For changes in  a s s o c ia b i l i ty  th e re  is  no problem (we s im p ly  
use the  fo rm u la  as f o r  e x c ita to ry  c o n d it io n in g ) .  For a s s o c ia tiv e  
le a rn in g , M ackintosh suggested th a t  some asymptote L ’ (the  asymptote 
fo r  in h ib i to r y  le a rn in g )  may be assumed, I  s h a l l in c o rp o ra te  
P e a rce -H a ll’ s id e a * th a t  L* = V ( s ) - V ( s ) - L .  I t  should be noted th a t  
t h is  fo rm ula  is  much more n a tu ra l f o r  the  P earce -H a ll theo ry  as i t  
in d ic a te s  th a t  the  va lue  o f  L ’ is  a d ire c t  consequence o f the  e x te n t 
to  which the  absence o f the  re in fo rc e r  is  s u rp r is in g .  Thus i t  
r e f le c t s  the  c e n tra l idea o f the  P earce-H a ll th e o ry , bu t is  s im ply an 
ad hoc a d d it io n  to  the  M ackintosh th e o ry .
I f  th e re  is  s u f f ic ie n t  stage 1 (P— >Sh + Sh) t r a in in g ,  then 
p re s e n ta tio n  o f PQ— >Sh should lead  to  co nd ition ed  in h ib i t io n  ra th e r  
than e x c ita t io n .  The argument th a t  the  second shock cannot i t s e l f  
support a s s o c ia tiv e  le a rn in g  (b u t can a l t e r  the  a s s o c ia b i l i ty  o f  the  
CSs) is  s u f f ic ie n t  to  prevent the  p o s s ib i l i t y  o f  con d itio n e d  
in h ib i t io n ,  b u t makes the  theo ry  unable to  account f o r  dow nsh ift 
un b lo ck in g I The c o n d it io n  necessary to  produce con d itio n e d  in h ib i t io n  
is  id e n t ic a l t o  the  c o n d it io n  necessary to  produce dow nsh ift
*  Using the M ackintosh fo rm u la  dV(p)=@ B[L-V(p)] to  produce 
dV*=@B[0-V(p)3 is  u n s a tis fa c to ry  as i t  does no t in d ic a te  cond ition ed  
in h ib i t io n  w ith  Q— >US, PQ— >no US.
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unb lock ing , ie ,  V (s -q ) > L (g iven  th a t  Q is  n o v e l) .  Using the 
parameter B, as w ith  the  M ackintosh ê ±l a l  a n a ly s is , is  s u f f ic ie n t  to  
preven t cond ition ed  in h ib i t io n .
An a lte rn a t iv e  p o s s ib i l i t y  is  to  t re a t  the  double shock as one 
complex E2, and the  s in g le  shock as a separate E2 ( ie ,  no t ju s t  p a rt 
o f  the  double shock com plex). In  th is  way, th e  unb lock ing  group has a 
huge increase in  a s s o c ia b i l i ty ,  f i r s t l y  because the  expected double 
shock is  absent, and secondly because a novel s in g le  shock is  
presented. T he re fo re , the  animal le a rn s  th a t the  added s tim u lus  
p re d ic ts  the  absence o f the  double shook, and the  occurrence o f the 
s in g le  shock. Th is  w i l l  be m an ifes t as in h ib i to r y  c o n d it io n in g  i f  the  
s tim u lu s  is  presented in  compound w ith  a p re d ic to r  o f the  double 
shock, and as e x c ita to ry  c o n d it io n in g  i f  the  s tim u lus  is  presented 
a lone (C otton , Good a l l  and M ackintosh, 1982). I f  t h is  argument is  
accepted, then the  use o f the  parameter L should be questioned . W ith  
a l l  d i f f e r e n t  events regarded as q u a l i ta t iv e ly  d i f f e r e n t ,  w ith  
asymptotes o f t h e ir  own, i t  appears sens ib le  to  se t a l l  asymptotes 
equal to  u n ity .
Ihâ Pearce-Hall Aeeouht a t Downshif t  Unblocking
The o r ig in a l P earce-H all (1980) theo ry  appeared to  say th a t  a 
re d u c tio n  in  the  asymptote f o r  the  US could lead to  sim ultaneous 
e x c ita to ry  and in h ib i to r y  c o n d it io n in g . For example, i f  L=1 and th is  
US becomes f u l l y  p re d ic te d , then p re se n ta tio n  o f a weaker US, such 
th a t  L = 1 /2 , w i l l  lead to  e x c ita to ry  le a rn in g  dV(p) = @(p) S 1/2 L, 
and in h ib i to r y  le a rn in g  d V '(p )  = @(p) S [V (s ) -1 /2  L 3 = @(p) S 1/2 L 
as V (s) = L . Thus th e re  is  no o v e ra l l in h ib i to r y  le a rn in g ! To remedy
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t h is  anomaly, i t  has subsequently been assumed by H a ll (persona l 
communication, 1985) th a t  no e x c ita to ry  c o n d it io n in g  can occur i f  
in h ib i t o r y  c o n d it io n in g  takes p lace . This m o d if ic a t io n  has the  
u n fo rtu n a te  consequence th a t  a sim ple a p p lic a t io n  o f the  P earce-H all 
theo ry  is  unable to  account f o r  dow nsh ift unb lock ing : For th e re  to  be
e x c ita to ry  c o n d it io n in g , L must be g re a te r than V (s ) -  Y *(s ) in  the 
unb lock ing  c o n d it io n . This nece ss ita te s  th a t  the  su rp r is in g n e s s  ( ie ,  
L - V ( s )  + V ' ( s ) )  is  g re a te r in  the  blocked c o n tro l group (P— >Sh + 
Sh, then  PQ— >Sh + Sh), as L f o r  2 shocks is  h ig h e r than f o r  one 
shock.
L e t us regard the  2 shocks as separate events ( ie ,  d i f f e r e n t  L 's  
r e fe r  to  the  d i f fe r e n t  shocks). Pearce and H a ll (1980, p540)
suggested th a t  in h ib i to r y  le a rn in g  to  the  om itted  second shock in  
dow nsh ift u n b lock ing , is  more than o f fs e t  by the  increased le a rn in g  
th a t  accrues to  th e  f i r s t  shock. For the  absence o f the  second shock 
to  be more s u rp r is in g  than i t s  occurrence re q u ire s  V(p— >2nd Sh) > 1/2 
L(2nd Sh). This im p lie s  th a t  V(p— >1st Sh) > 1/2 L (1 s t Sh). These 
d iffe re n c e s  need to  be q u ite  s u b s ta n t ia l f o r  th e re  to  be much h ig h e r 
a s s o c ia b i l i ty  in  th e  dow nsh ift c o n d it io n . This leaves l i t t l e  scope 
f o r  Q— >1st shock le a rn in g , as the  asymptote w i l l  soon be reached, 
le a d in g  to  in h ib ito z y  le a rn in g .  A lso , th e re  w i l l  be a r e la t iv e ly  
la rg e  amount o f In h ib i to r y  c o n d it io n in g  to  the  absence o f the  second 
shock. I f  the  asymptote f o r  the  second shock is  low (so th a t  th e re  is  
l i t t l e  in h ib i to r y  c o n d it io n in g ) ,  then th is  shock 's absence can o n ly  
e f fe c t  a sm a ll increase  in  a s s o c ia b i l i ty .  U n fo rtu n a te ly  the  a lgebra  
r a p id ly  becomes complex, so I  do n o t know i f  t h is  fo rm u la tio n  o f the 
P earce -H all theo ry  can account f o r  dow nsh ift unb lock ing ; a lthough  I  am
54
.r
convinced th a t  th e re  would be o n ly  a ve ry  narrow range o f parameter 
va lues which a llow s  th is  fo rm u la tio n  to  work, i f  i t  can work a t  a l l .  
However, i t  is  q u ite  easy to  model the  dow nsh ift unb lock ing  
phenomenon, i f  i t  is  assumed th a t  B=1 f o r  the  f i r s t  shock, and B=0 fo r  
the  second.
I t  is  re le v a n t here, to  o u t l in e  the  experim ents undertaken by 
Kaye and Pearce (1984b). As described in  Chapter 4 , these au thors 
(Kaye and Pearce, 1984a) have used the  o r ie n t in g  response to  a l i g h t  
as an index o f the  a s s o c ia b i l i ty  (o r  "p rocess ing  a ffo rd e d  to  the  
s t im u lu s " ) .  In  these experim ents, they looked a t  the  o r ie n t in g  
response to  a l i g h t  in  a b lo c k in g  experim ent. A f te r  c l ic k e r — >food 
t r i a l s ,  the  ra ts  rece ived  l i g h t  + c l ic k e r — >food t r i a l s ,  and then 
l i g h t  o n ly  t r i a l s ;  w ith  a c o n tro l group hav ing  tone— >food t r i a l s  in  
the  f i r s t  s tage. For the  blocked group, th e re  was l i t t l e  o r ie n t in g  to  
the  l i g h t  d u r in g  conpound t r i a l s  (u n lik e  c o n t ro ls ) ,  suggesting  th a t  
the  l i g h t  was ig n o re d , as th e  events th a t  fo llo w e d  i t  were w e ll 
p re d ic te d  by the  c l ic k e r .  However, a competing response account cou ld  
e x p la in  th is  r e s u lt ,  as th is  b locked group made more magazine e n tr ie s  
d u r in g  compound t r i a l s .  Kaye and Pearce 's second experim ent employed 
a s e r ia l c o n d it io n in g  procedure, w ith  the  l i g h t  coming be fo re  the 
c l ic k e r .  T h is  s u c c e s s fu lly  reduced the  number o f magazine e n tr ie s  to  
m inim al le v e ls ,  and s t i l l  demonstrated le s s  o r ie n t in g  to  the  l i g h t  in  
the  blocked group. U n fo r tu n a te ly , in  the  l i g h t  o n ly  te s t  f o r  
b lo c k in g , th e  blocked group had n o n -s ig n if lc a n t ly  (p=0.08) few er 
magazine e n tr ie s  than the  c o n tro l group: There fore  the b lo c k in g
e f fe c t  was no t shown, a lthough  i t  was ev id e n t in  the  f i r s t  experim ent. 
I t  is  cla im ed th a t  these two experim ents, taken  to g e th e r , p rov ide  good
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support f o r  the  idea th a t  the  l i g h t  has reduced a s s o c ia b i l i ty  d u r in g  
l i g h t — >food t r i a l s  i f  i t  is  presented in  compound w ith  a p re v io u s ly  
re in fo rc e d  c l ic k e r .  Th is  idea o bv ious ly  f i t s  w e ll w ith  bo th  the  
M ackintosh, and P earce -H all th e o r ie s . The Wagner model can account 
f o r  the r e s u l t  because the  occurrence o f the  food in  the  c o n tro l 
c o n d it io n  is  s u rp r is in g .  Hence, the  food is  a s u rp r is in g  p o s t - t r ia l  
event which in te r fe re s  w ith  le a rn in g  the  c o n te x t - l ig h t  a s s o c ia tio n , 
and so leads to  g re a te r process ing  o f the  l i g h t .  P e rso n a lly , I  am n o t 
to o  happy about t h is  a n a ly s is  because i t  e xp la ins  the  decrease in  
a s s o c ia b i l i ty  o f the  l i g h t ,  and the  b lo c k in g  e f fe c t ,  by two separate 
mechanisms. The reduced o r ie n t in g  response to  the  l i g h t  is  due to  
lo s s  o f p rocessing a ffo rd e d  to  the  l i g h t ,  whereas the  b lo c k in g  e f fe c t  
is  p r im a r ily  due to  a re d u c tio n  in  processing the  occurrence o f fo o d .
N o tw iths tand ing  the  in a b i l i t y  o f the Kaye and Pearce (1984b) 
experim ents to  d is t in g u is h  between the  th e o r ie s , t h is  approach seems 
ve ry  p rom is ing . For example, w ith  dow nsh ift c o n d it io n in g  
( l i g h t — >food + food , then  l i g h t  + c l ic k e r — >food, and a c o n tro l group 
w ith  l i g h t — >food + food , and then l i g h t  + c l ic k e r — >food + fo o d ) , the  
M ackintosh 'v e rb a l ' th e o ry  would p re d ic t  g re a te r a s s o c ia b i l i ty  f o r  the  
l i g h t  in  the  c o n tro l group, whereas the  Pearce -H a ll theo ry  p re d ic ts  
g re a te r l i g h t  a s s o c ia b i l i ty  in  the  dow nsh ift c o n d it io n .
Tha Wagner Acjeoupt X2f  Downahift U nblocking
Again, the  Wagner th e o ry  can employ the  idea o f second-order 
c o n d it io n in g  to  account f o r  dow nsh ift unb lock ing . A f te r  P— >Sh + Sh 
p a ir in g s ,  i f  V (p) > L(Sh 1 ), then  the  d i r e c t  Q— >Sh a s s o c ia tio n  must 
be in h ib i to r y  w ith  PQ— >Sh p re s e n ta tio n , bu t an e x c ita to ry  Q— >P
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a s s o c ia tio n  can a lso  be formed so long as P is  no t com p le te ly  
p re d ic te d . In  the  dow n sh ift unb lock ing  group (P— >Sh + Sh, then  
PQ— >Sh), P is  more s tro n g ly  assoc ia ted  w ith  shock than in  the  Low 
C on tro l group (P— >Sh, then  PQ— >Sh). I t  is  th is  d iffe re n c e  which 
enables the  Q— >P a s s o c ia tio n  to  account f o r  g re a te r suppression to  Q 
in  the  unb lock ing  group. Th is leads to  the  p re d ic t io n  th a t  dow nsh ift 
unb lock ing  w i l l  n o t take  p lace (b u t u p s h if t  unb lock ing  w i l l )  i f  s teps 
a re  taken  to  m in im ize the  Q— >P a s s o c ia tio n . I  do no t know i f  th is  
comparison has been made. However, Rescorla and C o lw il l  (1983) have 
in v e s tig a te d  the  p o s s ib i l i t y  o f Q— >P a ss o c ia tio n s  producing the  
dow nsh ift unb lock ing  e f fe c t .  The idea they used was th a t  agy 
p re s e n ta tio n  o f P in  th e  absence o f Q ( a f te r  compound c o n d it io n in g  bu t 
be fo re  te s t in g  Q) should tend to  e x tin g u is h  the  Q— >P a s s o c ia tio n . In  
l i n e  w ith  W agner's th e o ry , they  found th a t  p re s e n ta tio n  o f P on i t s  
own o r P— >Sh + Sh t r i a l s ,  between compound c o n d it io n in g  and te s t  in  
bo th  groups, abo lished  th e  unb lock ing  e f fe c t .
A problem w ith  t h is  o the rw ise  s a t is fa c to ry  account is  th a t  
unb lock ing  has been demonstrated w ith  P— >Sh + Sh, then PQ— >Sh as the  
unb lock ing  group and P— >Sh + Sh, then PQ— >Sh + Sh as the  h ig h  
c o n tro l group (D ick inson , H a ll and M ackintosh, 1976). Thus the  
P— >shock a s s o c ia tio n  must be a t  le a s t  as s tron g  in  the  c o n tro l group; 
so i t  is  necessary to  argue th a t  the  Q— >P a s s o c ia tio n  is  weaker i f  
two shocks fo llo w  PQ p re s e n ta tio n  than i f  o n ly  one does. W agner's 
(1978) account o f p o s t - t r ia l  events s ta te s  th a t  le a rn in g  an 
a s s o c ia tio n  is  d is ru p te d  by a p o s t - t r ia l  event to  the  e x te n t th a t  the  
p o s t - t r ia l  event is  s u rp r is in g .  I f  w ith  dow nsh ift unb lock ing , we 
consider the  Q— >P a s s o c ia tio n  is  d is ru p te d  by the shock(s)
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p re se n ta tio n  ( ie ,  the  p o s t - t r ia l  e ve n t), then p re s e n ta tio n  o f the  
p re d ic te d  double shook must be more s u rp r is in g , and hence d is ru p t iv e ,  
to  e x p la in  the  observed do w nsh ift unb lock ing . As most dem onstrations 
o f dow nsh ift unb lock ing  use few stage 1 t r i a l s  (see Rescorla and 
C o lw il l ,  1983) ,  the  occurrence o f the  shocks may be o n ly  l i t t l e  le a m t  
about in  stage 1, and in  t h is  way, th e  double shock in  stage 2 cou ld  
be le s s  p red ic te d  than the  s in g le  shock. In  l in e  w ith  t h is ,  Rescorla 
and C o lw il l  (1983, Experiment 4) found unb lock ing  w ith  2 P— >shock 
t r i a l s ,  bu t n o t w ith  8 P— >shock t r i a l s .  B u t, H o lland (1984) used 48 
and 64 P— >food t r i a l s  in  h is  two experim ents which demonstrated bo th  
up and dow nsh ift unb lock ing  r e la t iv e  to  h ig h  and low c o n tro l groups.
■Upshift ;P.Qwnshift Unblocking 
Holland (1984, Experiment 2) used l i g h t — >food p re se n ta tio n s  
fo llo w e d  by tone + l i g h t — >food, then tone o n ly  t r i a l s  to  in v e s t ig a te  
unb lock ing  due to  bo th  u p s h if t  and dow nsh ift in  the  magnitude o f the  
food reward. L ik e  Rescorla and C o lw il l  (1983), H o lland t r ie d  
fo llo w in g  compound t r a in in g  w ith  l i g h t — >Cthe la rg e r  US] o r  l i g h t  o n ly  
t r i a l s  to  a b o lis h  any Q— >P a s s o c ia tio n ; he a lso  used s a t ia t io n ,  and 
co n te x t e x t in c t io n  and co n te x t in f la t io n  ( th a t  is ,  u n s ig n a lle d  food 
p re s e n ta tio n s ). A l l  groups were compared w ith  r a ts  l e f t  in  t h e i r  home 
cage d u rin g  th is  p e r io d . An advantage o f th is  a p p e t it iv e  procedure is  
th a t  obse rva tion  o f the  type o f behaviour e l ic i t e d  by p re s e n ta tio n  o f  
a CS can in d ic a te  which events i t  has been associa ted  w ith .  For 
example, H o lland in  e a r l ie r  experim ents a lso  us in g  r a ts  (see H o lland , 
1984, f o r  a b r ie f  rev iew ) found th a t  p re s e n ta tio n  o f a tone re s u lts  in  
s t a r t le ,  as an uncond itioned  response; s t a r t le ,  head je r k  and magazine
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%%approach, i f  food has p re v io u s ly  fo llo w e d  the  to n e ; and re a r in g , i f  a
%:l i g h t  has fo llo w e d  the  tone .
H o lla n d 's  (1984) bas ic  u p s h if t  and dow nsh ift unb lock ing  groups 
d isp layed  head je r k ,  s t a r t le  and magazine behaviour, bu t n o t re a r in g .
This seems to  in d ic a te  the  presence o f a T— >food a s s o c ia tio n  and no t 
a T— >L a s s o c ia tio n . However, the  re s u lts  o f  m a n ip u la ting  the  va lue  
o f  the  l i g h t  and c o n te x t, a f te r  compound t r a in in g ,  gave a more complex 
and p e rp le x in g  p ic tu re .
Head je r k  and s ta r t le  responses cond itioned  to  the  tone in  the  
dow nsh ift unb lock ing  c o n d it io n  were seve re ly  a tte nu a ted  by e x t in c t io n  
(o f  the  l i g h t  o r c o n te x t)  and s a t ia t io n .  U n s ign a lled  food 
p re se n ta tio n  m ain ta ined these behaviours r e la t iv e  to  the Home Cage 
c o n tro l group, and L— >F t r i a l s  increased responding . Comparisons 
between the u p s h if t  groups revea led  s im ila r  tendencies bu t th is  tim e 
they were n o n -s ig n if ic a n t ,  except w ith  s a t ia t io n .  So o v e ra l l the  
re s u lts  in d ic a te  th a t  genera l food reward a f te r  compound t r a in in g  
m ainta ined (o r  increased w ith  l i g h t — >food) responding to  the  tone, 
and e x t in c t io n  o r  s a t ia t io n  reduced responding. Two-way analyses o f 
va rian ce  (ANOVAS) revea led  a s ig n i f ic a n t  up :dow nsh ift in te ra c t io n  w ith  
l i g h t  o r con tex t e x t in c t io n .
We can see th a t  H o lla n d 's  da ta  d i r e c t ly  c o n tra d ic t  Rescorla and 
C o lw i l l '8  experiment a l l y  based c la im  f o r  dow nsh ift unb lock ing  being 
due to  a Q— >P a s s o c ia tio n . The d i f f e r e n t ia l  e f fe c t  o f e x t in c t io n  
appear to  in d ic a te  th a t  u p s h if t  and dow nsh ift unb lock ing  are  caused by 
d i f f e r e n t  fa c to rs .  Th is  la s t  obse rva tio n  can be in co rp o ra te d  in to  the  
analyses g ive  by the  Wagner, M ackintosh and P earce-H all th e o r ie s .
Wagner in d ic a te s  g re a te r  emphases on Q— >P a s s o c ia tio n s  f o r  dow nsh ift
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unb lock ing . M ackintosh and P earce-H all in d ic a te  r e la t iv e ly  h igh  
a s s o c ia b i l i ty  and low asymptote o f a s s o c ia tiv e  s tre n g th  f o r  dow nsh ift 
unb lock ing . But i t  is  n o t c le a r  how con tex t e x t in c t io n  should des troy  
Q— >P, o r  Q— >shock a s s o c ia tio n s .
•P o te n tia tio n *  o f  Q— >US o r  Q— >P a s s o c ia tio n s  by c o n te x t— >U8 
a sso c ia tio n s  is  p la u s ib le .  But i t  is  too  p o o rly  s p e c if ie d  a t  present 
to  be inco rp o ra te d  in to  any o f th e  th e o r ie s ; and th e re  is  l i t t l e  
reason to  suppose th a t  t h is  idea would f i t  one th e o ry  b e t te r  than the 
o th e rs .
I t  is  p o ss ib le  th a t  m o tiv a t io n a l s ig n if ic a n c e  ( ie ,  a p p e t it iv e  o r 
a ve rs iv e ) a f fe c ts  how unb lock ing  occurs, and so exp la in s  the  
d iffe re n c e  between R escorla  and C o lw il l  (1983) and H o lland (1984). 
B u t, because th e re  is  l i t t l e  d ir e c t  evidence to  show th a t  t h is  is  the  
reason f o r  th e  c o n f l ic t in g  d a ta , we should be wary o f  proposing too  
con to rte d  a th e o re t ic a l e xp la n a tio n  o f unb lock ing .
Reainder-iod.u<?jadi. Atb.ep,viat l on sL BiQckj &g
An experim ent w i l l  be described which questions bas ic  assumptions 
about animal le a rn in g  th e o r ie s  in  genera l, and a s s o c ia b i l i ty  th e o r ie s  
in  p a r t ic u la r .  Schachtman, Gee, Kasprow and M i l le r  (1983) found th a t  
b lo c k in g  was a tte n u a te d  i f  the  b locked s tim u lu s  was presented (once o r 
tw ic e ) on i t s  own between compound t r i a l s  and te s t ,  in  a r a d ic a l ly  
d i f fe r e n t  con tex t to  the  re s t  o f the experim ent. This r e s u lt  is  
co n tra ry  to  a l l  e x p e c ta tio n s . Accord ing to  a l l  th e o r ie s , p re s e n ta tio n  
o f a p o s i t iv e ly  co n d itio n e d  s tim u lu s  on i t s  own, should always cause 
e x t in c t io n .  The authors c la im  th is  means th a t  b lo c k in g  is  due to  
f a i lu r e  o f r e t r ie v a l ,  and n o t o f le a rn in g . I f  t h is  is  t ru e ,  the
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a s s o c ia b i l i ty  th e o r ie s  would need to  be re-assessed, as they regard  
b lo c k in g  as a re d u c tio n  in  p rocessing o f the  b locked s tim u lu s  d u rin g  
compound t r i a l s .
I  am n o t e n t i r ^ y  convinced th a t  th is  r e s u lt  in d ic a te s  th a t 
b lo c k in g  is  a r e t r ie v a l  f a i lu r e ;  and I  s h a ll te n ta t iv e ly  specu la te  
about p o ss ib le  mechanisms u n d e rly in g  th is  astound ing r e s u l t .  
Something must have been le a rn t  d u r in g  the  r e t r ie v a l  t r i a l ( s ) .  Th is  
cou ld  be a s tre n g th e n in g  o f the  a sso c ia tio n s  between th e  blocked 
s tim u lu s  and the  r e in fo r c e r ,  perhaps v ia  the  b lo c k in g  s tim u lu s . 
A l te rn a t iv e ly ,  as Schachtman s ii a l  suggest, perhaps these a c tu a l 
a s s o c ia tio n s  remain co n s ta n t, b u t they are  acted upon d i f f e r e n t ly .  
For in s ta n ce , the  rem inder trea tm en t may d is s o c ia te  the b locked 
s t im u lu s - re in fo rc e r  a s s o c ia tio n  from  the  b lo c k in g  s t im u lu s - re in fo rc e r  
a s s o c ia tio n . In  t h is  case, we may regard the  i n i t i a l  b locked 
s t im u lu s - re in fo rc e r  a s s o c ia tio n  as non-causa l, bu t a f te r  th e  rem inder 
tre a tm e n t, as causa l. There fore  the  a s s o c ia b i l i ty  th e o r ie s  can regard  
the  normal b lo c k in g  e f fe c t  as the  b locked s tim u lu s  n o t being processed 
in  a way th a t  leads to  the  fo rm a tio n  o f causal a s s o c ia tio n s . I t  is  
n o t c le a r  to  me th a t  t h is  ne ce ss ita te s  the  view th a t  b lo c k in g  is  due 
to  r e t r ie v a l  f a i lu r e .
Schachtman &L aL sa id  th a t  th e  p a tte rn  o f t h e i r  re s u lts  was 
c o n tra ry  to  the  le a rn in g  account o f  t h is  rem inder e f fe c t .  As I  have 
ju s t  o u t lin e d , I  do n o t th in k  th is  is  c e r ta in .  But even i f  we accept 
th a t  t h e ir  r e s u lts  prove th a t  t h e ir  rem inder trea tm en t s im p ly 
f a c i l i t a t e s  r e t r ie v a l ,  we need to  know how i t  does t h is ,  be fo re  we can 
understand the im p lic a t io n s  f o r  the  mechanisms o f b lo c k in g . C le a r ly ,  
a l o t  o f research w i l l  be needed to  work ou t the  s ig n if ic a n c e  o f th is
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very  s u rp r is in g  r e s u l t .
Iheoretioal lapllgatlpps a t Blocking
In  e a r l ie r  chap te rs , I  d iscussed the  M ackintosh a l  (1977), and 
M ackintosh (1978) experim ents. The most reasonable in te rp re ta t io n  o f 
these re s u lts  was th a t  the  added s tim u lu s  was subsequently ignored i f  
the  US was p re d ic te d  by the  b lo c k in g  s tim u lu s . Both the  M ackintosh 
and P earce-H all th e o r ie s  n ic e ly  r e f le c t  t h is .
However, dem onstra tion  o f o n e - t r ia l  b lo c k in g  is  a n t ic ip a te d  by 
the Wagner th e o ry , b u t is  an anathema to  the  a s s o c ia b i l i ty  th e o r ie s .
T he re fo re , no one theo ry  encompasses a l l  the  b lo c k in g  da ta .
The a s s o c ia b i l i ty  th e o r ie s  needed to  in c lud e  the  parameter B, o r 
seme o th e r change, to  model up and dow nsh ift unb lock ing . Wagner’ s 
theo ry  re so rte d  to  w ith in -conçound asso c ia tio n s  to  e xp la in  dow nsh ift 
unb lock ing . As I  have a lrea dy  mentioned (chap te r 2 ) ,  these 
asso c ia tio n s  cannot be re -e s ta b lis h e d , once e x tin g u ish e d , so they  
cannot s in p iy  be added to  th e  th e o r ie s  I  am d is c u s s in g .
F in a l ly ,  H o lland demonstrated th a t  changes in  the context-US 
a s s o c ia tio n  a lte r s  th e  magnitude o f the  unb lock ing  e f fe c t .  This 
s treng thens the  view  th a t  none o f these th e o rie s  should be co n to rte d  
to  encompass a l l  the  b lo c k in g  da ta . E ith e r  a r a d ic a l ly  d i f f e r e n t  
theo ry  is  re q u ire d , which can pa rs im on ious ly  f i t  a l l  the  re s u lts  in to  
one th e o re t ic a l framework; o r e ls e , we must accept th a t seve ra l 
d i f fe r e n t  p r in c ip le s  o f s e le c t iv e  le a rn in g  are  o p e ra tin g  in  the  
b lo c k in g  paradigm.
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Chapter £
FRAMEWO-jK IC I INYESÎIGAXING ASSQCIABILm CHANGES
F o llo w in g  the  bas ic  s tra te g y  o f many animal le a rn in g  th e o r is ts ,  
in d ic a te d  a t the  beg inn ing  o f Chapter 1, a l l  the  experim ents reviewed 
so f a r  in vo lve d  E l— >E2 p a ir in g s .  Accord ing to  the  Wagner th e o ry , the  
fo rm a tio n  o f th is  E l— >E2 a s s o c ia tio n  o n ly  a f fe c ts  the  E2 's a b i l i t y  to  
e n te r in to  fu r th e r  a s s o c ia tio n s . The experiments by Kaye and Pearce 
(1984a) ca s t doubt upon t h is .  A s h i f t  from  l ig h t - - > fo o d , to  l i g h t  
o n ly ,  re in s ta te d  the  o r ie n t in g  response. L ike w ise , the  Pearce and 
H a ll (1980) experim ent showed a change in  the  E l 's  a b i l i t y  to  form  
a s s o c ia tio n s ; they found th a t  a s u rp r is in g  tone— >strong shock t r i a l  
speeded up e x t in c t io n  o f a tone— >weak shock a s s o c ia tio n . I t  is  
im p la u s ib le  to  suggest th a t  a c o n te x t— >E1 a s s o c ia tio n  can e x p la in  
these two re s u lts .
However, th e  a s s o c ia tiv e  in te r fe re n c e  account (Revusky, 1971) can 
e x p la in  these da ta . I t  was shown th a t  the  d if fe re n c e  in  behav ioura l 
p re d ic t io n  o f th e  a s s o c ia tiv e  in te r fe re n c e  and P earce -H a ll th e o r ie s  
was s im ply when the  change o f 'a t te n t io n ' took  p lace . The a s s o c ia tiv e  
in te r fe re n c e  account says the  ' in te r fe re n c e ' occurs on the  f i r s t  
t r i a l ,  whereas the  P earce -H all th e o ry  says the  ' in te r fe re n c e ' should 
n o t occur on the  f i r s t  t r i a l ,  bu t o n ly  on subsequent t r i a l s .  The 
M ackintosh s L  (1977), and M ackintosh (1978) r e s u lts  support the  
P earce-H all a n a ly s is ; bu t o n e - t r ia l  b lo c k in g  (B a laz, Kasprcw and 
M i l le r ,  1982) favou rs  a s s o c ia tiv e  in te r fe re n c e .
The a c tu a l fo rm u la tio n s  o f the  P earce-H all and M ackintosh
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a s s o c ia b i l i ty  th e o r ie s  were examined in  Chapter 3, where I  argued th a t  
bo th  th e o rie s  re q u ire d  the  a d d it io n  o f parameter B to  s a t is f a c to r i ly  
model the  M ackintosh je t jslL r e s u l t .  T h is , u n fo r tu n a te ly , adds to  the  
com p lex ity  o f the  th e o r ie s , and so makes them le s s  te s ta b le  and 
p re d ic t iv e .  A lso , th e  M ackintosh theo ry  re q u ire d  an a d d it io n a l ad hoc 
assum ption, so t h is  th e o re t ic a l fo rm u la tio n  is  n o t s u f f i c ie n t ly  cogent 
to  be w o rth w h ile . In  th e  a n a ly s is  on b lo c k in g , th e  data  from  
H o lla n d 's  (1984) experim ent in d ic a te  th a t  up and dow nsh ift unb lock ing  
are  a c tu a lly  ra th e r  complex. A t p resen t, no theo ry  can model h is  
re s u lts  w ith o u t a d d it io n a l v a r ia b le s .
I t  seems a p p ro p ria te  to  s tep  back from  the  d e ta i ls  o f the  
th e o r ie s  and experim ents, and to  cons ide r the  o v e ra l l p o s it io n .  The
b lo c k in g  experim ents show th a t  anim als are s e le c t iv e  in  the
a s s o c ia t io n s , they make between even ts . Wagner's th e o ry  e xp la in s  t h is  
s e le c t iv i t y  in  terms o f the  E2s; Pearce and H a ll e x p la in  i t  in  terms 
o f  E l;  and M ackintosh in  term s o f bo th . A d d it io n a l to  t h is  argument 
about whether E ls  o r E2s a l t e r  in  ra te  le a rn in g  param eters, is  the  
idea o f a s s o c ia b i l i ty .  A s s o c ia b il i ty  th e o r ie s  c la im  th a t  ra te  
le a rn in g  parameters have a c e r ta in  independence from  a s s o c ia tiv e  
s tre n g th s . A comparison between the  Wagner and P earce-H a ll th e o r ie s  
confounds these two issu e s . Wagner uses changes in  the  E2 ra te
le a rn in g  parameter and no a s s o c ia b i l i ty  changes, whereas Pearce arid
H a ll use changes in  th e  E l ra te  le a rn in g  param eter, and th is  is  an 
a s s o c ia b i l i ty  param eter.
However, a p r io r i ,  th e re  is  no reason why an E2 cannot change in  
a s s o c ia b i l i ty .  Nor why changes in  an E l 's  ra te  le a rn in g  parameter 
needs to  in v o lv e  a s s o c ia b i l i ty  changes. We saw th a t  Revusky's th e o ry
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a llow s n o n ~ a s s o c ia b ility  changes in  the  ra te  le a rn in g  parameter f o r  
both  E ls and E2s. But the  p o s s ib i l i t y  o f  E2 a s s o c ia b i l i ty  changes has 
n o t been d iscussed. B e fo re , I  go on to  th is  p o s s ib i l i t y ,  I  would l i k e  
to  m ention a fu r th e r  confounding fa c to r !
The E ls  (such as a l i g h t )  have always been o f l i t t l e  in t r in s ic  
m o tiv a tio n a l va lue  ( ie ,  CSs); whereas the  E2s (such as an e le c t r ic  
shock) have been o f g re a t m o tiv a t io n a l va lue  ( ie ,  USs). Thus, any 
d iffe re n c e  found between El and E2, w ith  respec t to  a s s o c ia b i l i ty
changes, may e ith e r  depend upon the  d iffe re n c e  in  in t r in s ic
m o tiv a tio n a l v a lu e , o r may depend upon the  p o s it io n  in  the  p re d ic t iv e  
re la t io n s h ip .
Taking the  p o in ts  from  the  la s t  two paragraphs to g e th e r, we can
see th a t  a s s o c ia b i l i ty  changes have been looked f o r  w ith  CSs a c t in g  as
E ls , bu t n o t f o r  USs a c t in g  as E ls , nor f o r  E2s whatever t h e i r
m o tiv a tio n a l s ig n if ic a n c e . As an example o f t h is ,  the  Pearce -H a ll
theo ry  e x p l ic i t l y  s ta te s  th a t  cond ition ed  bu t n o t uncond itioned 
s t im u l i  can change in  t h e i r  a s s o c ia b i l i ty .  This is  an a s s e rt io n  which 
they have adequate ly ju s t i f i e d  (H a ll and Pearce, 1983), bu t has no t 
been s u f f i c ie n t ly  in v e s t ig a te d * .
L e t us new cons ide r the  p o s s ib i l i t y  th a t USs can a ls o  change in  
a s s o c ia b i l i ty .  The a s s o c ia b i l i ty  o f an US, presumably, would be 
depend on the  su rp r is in g n e s s  o f i t s  occurrence and /o r i t s  a s s o c ia tio n
*  Pearce and H a ll deserve c ré d it  ra th e r  than blame f o r  l im i t in g  the  
range o f s t im u li  th a t  can change t h e i r  ra te  o f e n te r in g  in to  
a s s o c ia tio n s . Th is  g re a t ly  improves the  elegance and t e s t a b i l i t y  o f
t h e i r  theo ry  ; and in  my v iew , is  one o f i t s  g re a t advantages over
the  M ackintosh and Wagner th e o r ie s .
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w ith  subsequent even ts . As f a r  as I  know, no-one has looked a t  the  
e f fe c t  o f events fo llo w in g  an US, on the  a b i l i t y  o f  th a t  US to  e n te r 
in to  subsequent a s s o c ia tio n s . A lso , the  e x tra  le a rn in g  w ith  a 
s u rp r is in g  occurrence o f th e  US has been exp la ined d i r e c t ly  in  terms 
o f i t s  s tre n g th  o f  a s s o c ia tio n s  w ith  CSs (as in  the  Rescorla-Wagner 
th e o ry ) , o r  e lse  in  terms o f p ro p e rt ie s  o f the  CSs (as in  the  
a s s o c ia b i l i ty  th e o r ie s ) .  Experim enta l designs are  needed to  
d isconfound these a lte rn a t iv e  p o s s ib i l i t ie s .  There fo re , Pearce and 
H a ll 's  c la im  th a t co n d itio n e d  b u t no t uncond itioned s t im u l i  change in  
a s s o c ia b i l i ty ,  is  a good th e o re t ic a l account o f the  experim enta l 
evidence they co n s id e r; bu t the  p o s s ib i l i t y  o f  uncond itioned  s t im u l i  
changing in  a s s o c ia b i l i ty  is  no t addressed by them.
I t  is  now tim e to  cons ide r the  p o s s ib i l i t y  o f  US a s s o c ia b i l i ty  
changes, and changes in  a s s o c ia b i l i ty  o f CSs due to  t h e i r  r o le  as E2s. 
The e a s ie s t way to  lo o k  a t  these p u ta t iv e  phenomena is  by sim ple 
pre-exposure. So th e  search f o r  CS as E2 a s s o c ia b i l i ty  changes w i l l  
be made in  the  con tex t o f the  CS pre-exposure e f fe c t .  L ikew ise , 
evidence f o r  US a s s o c ia b i l i t y  changes w i l l  be sought in  the  US 
pre-exposure l i t e r a t u r e .
66
EVIDENCE FOR ASSOCIABILITY CHANGES DURING PRE-EXPOSURE
CS.PBSrEXmaiBE
Lubow and Moore (1959) re p o rte d  th a t  repeated p re s e n ta tio n  o f a 
n e u tra l f la s h in g  l i g h t  CS, on i t s  own, le d  to  re ta rde d  a c q u is it io n  o f
a le g  f le x io n  response, when the  CS was subsequently pa ire d  w ith  le g
shock, compared w ith  anim als f o r  whom the  CS was novel p r io r  to  the  
CS-shook p a ir in g s .  Goats and sheep were used. They c a lle d  t h is  
e f fe c t  ' la te n t  I n h ib i t io n '  because the  CS a lone p re se n ta tio n s  
in h ib ite d  behav iou ra l change on subsequent CS-shock t r i a l s .
L a te n t in h ib i t io n  has been demonstrated on numerous occasions 
us in g  d i f fe r e n t  species and methods (see Lubow, 1973, f o r  a re v ie w ), 
and consequently is  one o f the  most robus t phenomena in  the  animal 
le a rn in g  l i t e r a t u r e .  R escorla  (1971a) demonstrated th a t  p r io r  
exposure o f a CS a ls o  re ta rd s  CS— >no E2 le a rn in g . Thus the  idea th a t  
pre-e3q)osure g ives  in h ib i t o r y  va lue  to  the  CS is  e rroneous. For t h is  
reason, I  s h a l l c a l l  la te n t  in h ib i t io n ,  th e  CS pre-exposure e f fe c t ,  as
th is  is  a r e la t iv e ly  a th e o re t ic a l te rm .
The CS pre-exposure e f fe c t  cou ld  be due to  a re d u c tio n  in  the  
processing  o f the  CS. E q u a lly , the  e f fe c t  cou ld  be because the  animal 
has le a m t  a zero c o r re la t io n  between the  CS and o th e r even ts, ie ,  
th a t  n o th in g  fo llo w s  the  CS. Two s tu d ie s  have prov ided evidence in  
fa v o u r o f the  processing  account. Reiss and Wagner (1972)
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demonstrated the  normal CS pre-exposure e f fe c t  w ith  ra b b it  e y e -b lin k  
c o n d it io n in g . In  a second experim ent, us ing  an id e n t ic a l procedure, 
a f te r  p re-exposure, they  pa ired  the  pre-exposed CS (P) w ith  ano the r CS 
(R) which had been pa ire d  w ith  an eye-shock US. Th is  a d d it io n  o f  P to  
R d id  no t d is ru p t  responding as much as the  a d d it io n  o f a r e la t iv e ly  
nove l CS (Q) to  R. Th is  is  taken as evidence th a t  the  unpaired 
pre-exposure to  P le d  to  reduced p rocess ing , and no t to  an a s s o c ia tio n  
o f P w ith  ’ n o th in g '. Knowledge th a t  n o th in g  comes a f te r  P should lead  
to  a g re a te r re d u c tio n  in  responding d u rin g  PR compound t r i a l s  than 
d u r in g  QR t r i a l s .  However, a re d u c tio n  in  a s s o c ia b i l i ty ,  o r  the  
a t te n t io n  paid to  P, would lead to  a re d u c tio n  in  the  d is ru p t iv e  
e f fe c t  o f adding a s tim u lu s  to  R, in  l in e  w ith  o b se rva tio n .
A lso , Kaye, P reston , Szabo, D r u i f f  and M ackintosh (1987) have 
presented d e ta ile d  evidence th a t  the  CS pre-exposure e f fe c t  is  ve ry  
much more con tex t s p e c if ic  than th e  e f fe c ts  o f  c o n d it io n in g . This 
r e s u lt  poses problems f o r  the  idea th a t  the  e f fe c t  is  due to  the  
anim als le a rn in g  th a t  n o th in g  fo llo w s  the  CS; because we would need to  
e x p la in  why t h is  a s s o c ia tio n  is  co n te x t s p e c if ic  whereas a sso c ia tio n s  
w ith  an US a re  n o t. T he re fo re , th e  a v a ila b le  da ta  suggest th a t  th e  CS 
pre-exposure e f fe c t  is  due to  a re d u c tio n  in  the  processing o f the  CS. 
The next q u e s tio n  is :  What is  i t  about CS o n ly  p re se n ta tio n s  th a t
leads to  th is  re d u c tio n  in  processing?
I t  is  lo g ic a l ly  p o ss ib le  th a t  the  CS pre-exposure e f fe c t  is  
s o le ly  dependent upon CS p re s e n ta tio n  per se, and is  independent o f 
o th e r s t im u li  p re s e n ta tio n s . A lte rn a t iv e ly ,  th e  e f fe c t  cou ld  be 
dependent upon the  e v e n ts /c o n d itio n s  th a t precede, a re  sim ultaneous 
w ith ,  and /o r fo llo w  th e  CS. A lso , indeperxJently presented s t im u l i  may
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have an e f fe c t  th rough mechanisms such as a s s o c ia tiv e  in te r fe re n c e , 
s tim u lu s  g e n e ra liz a tio n , and changing the  pe rce p tio n  o f the  c o n te x t. 
What a l i s t  f o r  such a sim ple e f fe c t !  As i t  happens, th e re  is  
evidence th a t  a l l  4 fa c to rs  a re  im p o rta n t.
Events ih a l precede the  CS
Lubow, Schnur and R if  k in  (1976, Experiments 3 & 4) found th a t
p re se n ta tio n  o f the  CS a f te r  a le v e r-p re s s  a tte n u a te d  the  CS 
pre-exposure e f fe c t  compared w ith  yoked ra ts  f o r  whom the  CS d u rin g  
pre-exposure occurred independen tly  o f  t h e ir  a c t io n s .
Thus i t  cou ld  be argued th a t  when a CS has re p e a te d ly  been 
s ig n a lle d , by the  ra ts  own a c t io n s , the  a s s o c ia b i l i ty  o f  the  CS 
remains h ig h . Wagner's theo ry  leads to  a com ple te ly  d i f fe r e n t  
e xp la n a tio n  o f the  same phenomenon: a s tim u lu s  is  ab le  to  engage the
le a rn in g  mechanisms to  th e  e x te n t th a t  i t s  occurrence is  s u rp r is in g .  
So, i f  a CS has always occurred a f te r  a le v e r-p re s s , a 
response-independent CS p re s e n ta tio n  w i l l  be ve ry  s u rp r is in g .  
However, f o r  the  yoked group, the  CS w i l l  have been p re d ic te d  by 
co n te x tu a l cues, so th a t  i t s  occurrence w i l l  be le s s  s u rp r is in g  in  
th a t  co n te x t.
Wagner's idea is  th a t  a oontext-CS a s s o c ia tio n  is  formed d u rin g  
CS pre-exposure, and t h is  p reven ts processing o f the  CS. Supporting 
th is  idea , numerous s tu d ie s  have found th a t  a change o f co n te x t 
g re a t ly  a tte n u a te s  (eg, Channell and H a ll,  1983) o r even reverses (eg, 
Lubow, A lek and R if  k in ,  1976) th e  CS pre-exposure e f fe c t .  But a 
change o f con tex t has even been shown to  im p a ir  r e c a l l  in  human a d u lts  
(Godden and Baddeley, 1975); and i t  seems obvious th a t  th is  should be
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the  case. So, I  do n o t th in k  Wagner’ s theo ry  ga ins  any support from  
these r e s u lts ,  as a l l  th e o r ie s  would in d ic a te  a degree o f co n te x t 
s p e c i f ic i t y  o f le a rn in g , i f  they cared to  in c o rp o ra te  i t .  A s l ig h t ly  
more unusual p re d ic t io n  from  Wagner’ s theo ry  is  th a t  p re s e n ta tio n  o f 
the  con tex t on i t s  own ( ie ,  c o n te x t e x t in c t io n )  should e x t in g u is h  a 
context-CS a s s o c ia tio n , and so a tte n u a te  the  CS pre-exposure e f fe c t .  
U n fo rtu n a te ly , th e  da ta  on th is  a re  c o n f l ic t in g  (see M ackintosh, 1983, 
p229-230), so no f i r m  co nc lu s ion  can be reached. A lso , H a ll and 
Channel1 (1985) found th a t  s im ple con tex t exposure p r io r  to  CS
pre-exposure a c tu a lly  increased th e  CS pre-exposure e f fe c t .  Wagner’ s 
theo ry  in d ic a te s  the  opp os ite  r e s u l t :  con tex t pre-exposure should
reduce context-CS le a rn in g  and hence a tte n u a te  the  CS pre-exposure 
e f fe c t .  This is  because the  apparatus i t s e l f  should have become w e ll 
p re d ic te d  by tim e o f  day, h a n d lin g  e tc ,  and so w i l l  n o t be processed 
in  a way th a t  leads to  much le a rn in g .
In  conc lus ion , i f  we accept th e  re s u lt  o f Lubow, Schnur and 
R i f k in ’ s (1976) experim ents, we a re  l e f t  w ith  the  cho ice  o f accep ting  
Wagner’ s e xp la n a tio n , o r  a l te r n a t iv e ly ,  accep ting  the  idea th a t  a CS’ s 
a s s o c ia b i l i ty  is  h ig h e r i f  i t  was preceded by another even t. Th is  
second p o s s ib i l i t y  e n ta i ls  a change in  a s s o c ia b i l i ty  o f  a CS as an E2.
W ith  h in d s ig h t ,  i t  lo oks  as i f  Lubow, Schnur and R ifk in  (1976) 
should have had some anim als f o r  whom the  l i g h t — >shock p a ir in g s  
always fo llo w e d  a le v e r-p re s s , d u r in g  c o n d it io n in g . I f  the  experim ent 
s t i l l  worked, then  we cou ld  d iscoun t Wagner’ s e xp la n a tio n , as the  
le v e r-p re s s  would make the  l i g h t  more s u rp r is in g  f o r  the  group th a t  
rece ived  l i g h t  o n ly  t r i a l s  d u rin g  pre-exposure.
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Kvsnta sim ultaneous w ith  CS
M ackintosh (1973) re p o rte d  th a t  r a ts  presented w ith  a l i g h t  in  
compound w ith  a no ise  le a rn t  a subsequent l ig h t-s h o c k  r e la t io n  fa s te r  
than ra ts  who had l i g h t  o n ly  p re se n ta tio n s  in  the  pre-exposure phase. 
Indeed the  CS pre-exposure e f fe c t  was n e a rly  a b o lished . Th is  r e s u lt  
was re p lic a te d  by Rudy, K ra u te r and G a ffu r i (1976, Experiment 2 ) .  
D ick inson  (1976) found th a t  d e liv e ry  o f food w h ile  a tone was 
presented d u rin g  pre-exposure , le d  to  fa s te r  c o n d it io n in g  o f the  tone 
w ith  subsequent tone-shock p a ir in g s  r e la t iv e  to  groups in  w h ich the  
tone and food were randomly presented, o r e x p l ic i t l y  unpa ired . This 
r e s u l t  is  e s p e c ia lly  in te re s t in g  because the  tone -fo od  p a ir in g s  
presunably endowed the  tone w ith  a p p e t it iv e  p ro p e rt ie s  which cannot 
d i r e c t ly  a id  fe a r  a c q u is it io n .
Th is  a tte n u a tio n  o f th e  CS pre-exposure e f fe c t  may be due to  
m ain ta ined o r increased a s s o c ia b i l i ty  due to  fo rm a tio n  o f an 
a s s o c ia tio n  between th e  two even ts . G e n e ra liz a tio n  decrement (Pearce, 
1987) can a lso  account f o r  t h is  r e s u l t .  In  a d d it io n ,  a l l  th e o r ie s  can 
c la im  a l im ite d  c a p a c ity  p rocessor (Wagner's is  the  o n ly  one th a t  I  
have discussed th a t  does so e x p l i c i t l y ) ,  so th a t  the  added s tim u lus  
reduces th e  amount le a rn t  about th e  CS. I t  is  a ls o  po ss ib le  to  argue 
th a t  some s o r t  o f  a s s o c ia tiv e  in te r fe re n c e  is  happening. For example, 
the  e x tra  s tim u lu s  tra c e  in  memory cou ld  degrade, o r make le s s  
a c c e ss ib le , the  CS's tra c e  (see McGovern, 1964, f o r  analogous work in  
the  human l i t e r a t u r e ) .  W ith  so many r e a d i ly  a v a ila b le  e xp la n a tio n s , 
none o f the  th e o r ie s  have any d i f f i c u l t y  e x p la in in g  M ack in tosh 's  
(1973) f in d in g .
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Eysnt.s lhat. f ol l ow Jkha XIS
Lubow, Schnur and R ifk in  (1976) repo rte d  th a t  the  CS pre-exposure 
e f fe c t  is  reduced i f ,  d u r in g  pre-exposure, the  CS is  inaned ia te ly 
fa llo w e d  by ano the r CS, r e la t iv e  to  CS o n ly  p re s e n ta tio n s ; bu t 
compared w ith  unpaired p re se n ta tio n s  o f bo th  CSs, t h e i r  r e s u lts  were 
o f m arg ina l s ig n if ic a n c e . Lubow used ra ts  in  a l i c k  suppression
paradigm. Szakmary (1977) su b s ta n tia te d  th e i r  f in d in g  us ing  
e x p l i c i t l y  unpaired CSs as the  c o n tro l group, in  a le v e r  press 
experim ent. Weiss and Friedman (1975) have re p o rte d  s im ila r  
a tte n u a tio n  o f th e  CS pre-exposure e f fe c t  when the  CS was te rm ina ted  
by a c ro ss in g  response.
These re s u lts  seem p e r fe c t ly  n a tu ra l to  the  le a rn in g  th e o r ie s  
th a t  have been d iscussed : M ackintosh cla im ed th a t  a s tim u lu s  ga ins
a s s o c ia b i l i ty  i f  i t  p re d ic ts  an event r e la t iv e  to  a s tim u lu s  th a t  
p re d ic ts  n o th in g ; lik e w is e ,  Pearce and H a ll argued th a t  an event a f te r  
the  CS w i l l  m a in ta in  the  a s s o c ia b i l i t y  o f the  CS u n t i l  th a t  event is  
p e r fe c t ly  expected ( th is  takes many more t r i a l s  than  le a rn in g  th a t  
’ n o th in g ' fo llo w s  th e  CS, as 'n o th in g ' is  a lrea dy  p re d ic te d  by the  
c o n te x t) .  Wagner m ain ta ined th a t  le a rn in g  th e  context-C S a s s o c ia tio n  
is  d is ru p te d  by an event o c c u rr in g  im m ediate ly a f te r  th e  CS, because 
o f the  l im ite d  ca p a c ity  o f the  processor in v o lv e d  in  a s s o c ia tiv e  
le a rn in g .
A l l  the  le a rn in g  th e o r ie s  can e a s ily  e x p la in  the  a tte n u a tio n  o f 
the  CS pre-exposure e f fe c t  by p re s e n ta tio n  o f ano the r CS im m edia te ly 
a f te r  i t  (d u r in g  p re -expo su re ). However, t h is  bas ic  design has 
p o te n t ia l f o r  d is t in g u is h in g  between the  d i f fe r e n t  th e o r ie s . Imagine 
one group in  w hich th e  event th a t  fo llo w s  the  CS d u rin g  pre-exposure
72
is  made u n p re d ic ta b le  by us ing  a range o f CSs. A second group would 
always have the  same, p re d ic ta b le , second CS. M ack in tosh 's  theo ry  
would in d ic a te  h ig h e r a s s o c ia b i l i ty  f o r  the  second group, as the  f i r s t  
CS is  a more accurate  p re d ic to r ;  whereas the  P earce -H all th e o ry  c la im s 
th a t  the  a s s o c ia b i l i ty  would ra n a in  h ighe r in  the  f i r s t  group as the  
second event is  always u n c e rta in . Wagner's theo ry  s ta te s  th a t  the  
f i r s t  group should show fa s te r  subsequent le a rn in g  as the  s u rp r is in g  
p o s t - t r ia l  events ( ie ,  the  d i f fe r e n t  E2s) would im p a ir  le a rn in g  the  
context-C S a s s o c ia tio n .
However, D e V ie tt i,  W ittmann, Emmerson and Thacher (1981) re p o r t  
an experim ent w ith  e x a c tly  the  oppos ite  r e s u l t  to  Lubow ê i  a l ,  and 
Szakmary. In  a co n d itio n e d  l i c k  suppression task  us ing  r a ts ,  D e V ie tt i 
jg l a l  found th a t  the  CS pre-exposure e f fe c t  to  a tone was increased i f  
d u r in g  pre-exposure the  tone was fo llo w e d  by a f la s h in g  l i g h t .  I  do 
no t know w ty th e re  is  t h is  c o n f l i c t  o f da ta . D e V ie tt i ê ±l a l ’ s r e s u lt  
is  d i f f i c u l t  to  e x p la in  in  terms o f the  M ackintosh, P earce-H all and 
Wagner th e o r ie s , b u t i t  is  com patib le  w ith  the idea o f re p re s e n ta tio n  
c o m p e tit io n : On te s t ,  the  anim als th a t  had to n e - l ig h t  p a ir in g s  w i l l
be expecting  a l i g h t  a f te r  the  to n e , and th is  may in te r fe re  w ith  t h e i r  
e x p e c ta tio n  o f shock.
Events mpalr.ed with th& cs
Rudy, K ra u te r and G a f fu r i (1976, Experiments 3 and 4) found th a t  
sim ple p re s e n ta tio n  o f another n e u tra l s tim u lu s , p r io r  to  pre-exposure 
o f the  CS, le d  to  fa s te r  c o n d it io n in g  w ith  CS— >shock t r i a l s .
Th is  a tte n u a t io n  o f the  CS pre-exposure e f fe c t ,  by p r io r  exposure 
to  ano the r s tim u lu s , is  opp os ite  to  what would be expected w ith  sim ple
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s tim u lu s  g e n e ra liz a t io n . S tim u lus  g e n e ra liz a tio n  would suggest th a t  
the  e x te n t to  which the  two CSs a re  tre a te d  id e n t ic a l ly ,  p re s e n ta tio n  
o f one CS should increase  the  CS pre-exposure e f fe c t  to  the  o th e r. 
Rudy suggest exp la n a tio n s  in  terms o f s to rage o r r e t r ie v a l
f a i lu r e ,  ro u g h ly  as fo llo w s :  F i r s t ,  th a t  memory o f the  f i r s t  s tim u lu s
(S I) has a d e tr im e n ta l e f fe c t  on storage o f the  memory o f the  second 
s tim u lu s  (S2), perhaps by p ro a c tiv e  in te r fe re n c e ; thus SI 
p re se n ta tio n s  had the  e f fe c t  th a t  ” S2 p re se n ta tio n s  were no t processed 
in  a way which a llow ed f o r  s to rage  o f i t s  re p re s e n ta tio n  in  memory." 
(Rudy ja l, p243). Second, th e re  could be r e t r ie v a l  f a i lu r e :  "SI
in te r fe re d  w ith  the  a b i l i t y  o f  Sc ( ie ,  the  co n te x t -  ID ) to  r e t r ie v e  a 
re p re s e n ta tio n  o f S2 a t  the  tim e o f the  c o n d it io n in g  ep isode" (p243).
To me, both  these e xp la na tions  are  guesses w ith  l i t t l e  backing 
from  o th e r experim ents, o r  th e o re t ic a l sources. Th is  is  
understandab le , g iven  hew s u rp r is in g  th is  r e s u l t  is !  Th is  r e s u l t  goes 
a g a in s t the  bas ic  a s s o c ia tiv e  approach. Even the  c o g n it iv e  idea  o f 
'le a rn in g  th a t  events occur in  is o la t io n ' is  unable to  h e lp , as i t  
p re d ic ts  th a t  unpaired p re se n ta tio n s  o f another CS should increase  the  
CS pre-exposure ^ f e c t .  So, ra th e r  d is tu rb in g ly ,  none o f the  th e o r ie s  
can accommodate the  Rudy f i t  a l  r e s u lt  w ith o u t adding f a i r l y  a r b it r a r y  
assumptions.
I lf i PRE-EXPOSURE
Seligman, M a ie r, Jackson and o the rs  have s tud ie d  a phenomenon 
they termed 'Learned H e lp lessness ' in  which humans and o th e r mammals
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have been g iven  p a in fu l o r  o the rw ise  und es irab le  experiences p r io r  to  
a le a rn in g  ta s k ; they have accumulated a la rg e  body o f da ta  on th e  US 
pre-exposure e f fe c t ,  u s in g  procedures no t n o rm a lly  employed in  the  
anim al le a rn in g  paradigm. I  s h a ll d iscuss t h e i r  anim al work a f te r  the  
's ta n d a rd ' US pre-exposure e f fe c t .
■Standard IIS nre-exposure 
The standard US pre-exposure e f fe c t  is  th a t the  a c q u is it io n  o f a 
co n d itio n e d  response to  a CS, re p e a te d ly  pa ired  w ith  a US, is  re ta rd e d  
i f  the  US has p re v io u s ly  been re p e a te d ly  presented on i t s  own.
As w ith  CS pre-exposure , we m igh t expect th e re  to  be seve ra l 
fa c to rs  in vo lve d  in  th e  US pre-exposure e f fe c t .  To my knowledge, no 
experim ents have been done w hich in v e s tig a te  the  e f fe c t  o f the  US 
be ing  presented s im u ltan eous ly  w ith  o th e r s t im u l i  d u r in g  pre-exposure.
US presentatian m r aa 
I t  is  ccmmon knowledge th a t  co nd ition ed  suppression can d e c lin e  
w ith  repeated CS-ÜS p a ir in g s  (eg. Church, Raymond and Beauchamp,1967). 
One e xp la n a tio n  f o r  t h is  is  th a t  the  p a in fu ln e ss  o f the  shocks 
d e c lin e s  w ith  repeated p re s e n ta tio n . That i s ,  shock p re s e n ta tio n , per 
se, is  re s p o n s ib le  f o r  some o f  the  US pre-exposure e f fe c t ;  C apa ld i, 
C h e ffe r, V iv e iro s , Davidson and Campbell (1985) have argued s tro n g ly  
f o r  t h is .  Th is  n o n -a s s o c ia tiv e  e xp lana tion  is  n o t covered by any o f 
th e  th e o r ie s  I  have d iscussed.
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Events th a t  precede Ih e  US
A commonly o ffe re d  e xp la n a tio n  f o r  the  US pre-exposure e f fe c t  is  
th a t  a context-U S  a s s o c ia tio n  is  formed d u rin g  pre-exposure, and th is  
a s s o c ia tio n  re ta rd s  le a rn in g  o f a subsequent CS-US a s s o c ia tio n , 
because o f b lo c k in g , a s s o c ia tiv e  in te r fe re n c e , o r  some o th e r 
mechanism. I f  t h is  is  so, we would expect a change o f con tex t to  
a tte n u a te  the  US pre-exposure e f fe c t .  C onfirm ing e xp e c ta tio n s , th is  
has been found w ith  autoshaping in  doves (Balsam and Schwartz, 1981), 
and w ith  co nd ition ed  suppression in  ra ts  (Baker, M e rc ie r, Gabel and 
Baker, 1981). Dweck and Wagner (1970) w ith  l i c k  suppression in  r a ts ,  
and Tomie (1976) w ith  autoshaping in  pigeons, have shown th a t  sim ple 
exposure to  the  con tex t g re a t ly  reduces the  e f fe c t  o f  US 
pre-exposures. Thus i t  seems h ig h ly  l i k e l y  th a t  th e re  is  a context-U S  
a s s o c ia tio n , and t h is  can b lo ck  c o n d it io n in g  to  the  nom inal CS. To 
lend fu r th e r  support to  th is  id e a , Tomie (1976) gave US pre-exposures 
w h ile  a tone was presented f o r  the  whole session ( th u s , the  tone was a 
background o r c o n te x tu a l cue ), and showed th a t  h is  tone cou ld  b lock  
CS— >US c o n d it io n in g  when used as a more conve n tiona l d is c re te  
s tim u lu s .
However, Baker f i t  aJL (1981, Experiment 2) re p o r t  da ta  w hich 
suggest th a t  US o n ly  t r i a l s  produce the  US pre-exposure e f fe c t  no t 
o n ly  by a context-U S  a s s o c ia t io n  b lo c k in g  subsequent c o n d it io n in g , bu t 
a lso  by the US o n ly  t r i a l s  a f fe c t in g  the US's p r e d ic ta b i l i t y .  T h e ir  
experim ent used co n d itio n e d  suppression o f le v e r  p re ss in g . A l l  fo u r  
groups o f r a ts  were te s te d  by p a ir in g  a c l ic k e r  w ith  shock. The 
groups d if fe re d  in  t h e i r  p rev ious  tre a tm e n t; Group SH had unpaired 
shock pre-exposure ; Group OB (o th e r box) a lso  had unpaired shock
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pre-e3q>osure bu t in  a d i f fe r e n t  co n te x t; Group L had the  pre-exposed 
shocks s ig n a lle d  by a l i g h t  CS; and Group C had no s t im u li  presented. 
On the  base line  recovery  days a f te r  t h is  pre-exposure, Group SH, and 
to  a le s s e r  e x te n t Group L , showed fe a r  to  the  con tex t by m a in ta in in g  
a reduced base line  response ra te ;  ie ,  a con text-shock a s s o c ia tio n . On 
te s t .  Group SH d isp la yed  ve ry  much le s s  suppression than Group C, 
dem onstrating the  usua l US pre-exposure e f fe c t ;  and Group OB 
suppressed m a rg in a lly  more than Group SH, so th a t in  th is  experiment a
change o f con tex t o n ly  s l ig h t ly  reduced the US pre-exposure e f fe c t .
The re s u lt  o f in te re s t  is  th a t Group L 's  suppression was s im ila r  to  
Group C. So, even though Group L was more a f ra id  o f the  con text than 
Group OB, the  da ta  suggest i t  s t i l l  le a rn t  the  c l ic k e r — >shock 
a s s o c ia tio n  fa s te r  than Group OB. Th is cannot be exp la ined by the 
con tex t b lo ck in g  account. One p o s s ib i l i t y  is  th a t  the  u n p re d ic tab le  
na tu re  o f the US p re se n ta tio n s  leads to  re ta rde d  le a rn in g  ( ie ,  the 
a s s o c ia b i l i ty  o f th e  US decreases). In  Group OB, the  ra ts  le a rn  th a t  
shocks are  u n p re d ic ta b le , and so are  slower to  le a rn  th a t the  shocks 
are  preceded by c l ic k e r  p re s e n ta tio n s .
Ey.entg that fo ll ow tha ILS 
I  have found o n ly  one experim ent in  the  l i t e r a t u r e  which may be 
re le v a n t, bu t i t  d id  no t use the  US pre-exposure paradigm. Bearing, 
D ick inson , H a llid a y  and M o rr is  (1974) fo llo w e d  a cond ition ed  s tim u lus  
w ith  shock on 50% o f t r i a l s .  One group had f re e  food presented a f te r  
the  shock, bu t a t  no o th e r t im e , w h ile  another group o n ly  rece ived  the
fre e  food on th e  non-shocked t r i a l s .  The authors were su rp rise d  to
f in d  th a t  the group w ith  shock and food on the same t r i a l  d isp layed
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g re a te r suppression (and they were n o t ve ry  convinced by t h e i r  own 
e x p la n a tio n ) . This experim ent may be dem onstra ting th a t  the  shook
a s s o c ia b i l i ty  is  h ig h e r when food fo llo w s  i t .  That is ,  US
a s s o c ia b i l i ty  may be m ain ta ined i f  i t  is  a c t in g  as an E l.  Wagner's
model seems to  be unable to  e x p la in  t h is  r e s u l t :  The s u rp r is in g
occurrence o f food a f te r  the  shock should decrease the  CS-shock 
a s s o c ia tio n .
Events impaired with thg. us 
When, d u r in g  p re-exposure , a CS is  randomly presented w ith  
respec t to  an US, i t  has been found (M ackintosh, 1973) th a t  th e re  is  a 
g re a te r  re ta rd a t io n  o f subsequent CS— >US c o n d it io n in g  than w ith  CS 
o n ly  o r  US o n ly  pre-exposure . Th is has been c a lle d  ' lea rned  
ir re le v a n c e ' .  Learned ir re le v a n c e  is  congruent w ith  the  M ackintosh
th e o ry : events th a t  a re  poor p re d ic to rs  lo se  a s s o c ia b i l i t y ;  i t  is
reasonab le , th e re fo re , th a t  a CS th a t  f a i l s  to  p re d ic t  the  presence o r 
absence o f a fre q u e n t ly  o c c u rr in g  US, w i l l  lo se  more a s s o c ia b i l i ty  
than a CS which is  presented w ith  no o th e r s t im u l i .  On th e  o th e r 
hand, the  P earce -H all and W agier th e o r ie s  have d i f f i c u l t y  in  
e x p la in in g  lea rned  ir re le v a n c e  as a lo s s  o f a s s o c ia b i l i t y .  The events 
th a t  fo llo w  the  CS a re  unp re d ic te d  as the  anim al never knows when an 
US w i l l  be presented, so acco rd ing  to  the  P earce -H all th e o ry , th e re  
should be a sm a lle r d e c lin e  in  CS a s s o c ia b i l i ty  d u r in g  lea rned  
ir re le v a n c e  than sim ple CS pre-exposure . L ikew ise , accord ing  to  the  
Wagner th e o ry , the re  should be a s l ig h t ly  weaker context-CS 
a s s o c ia tio n  in  learned ir re le v a n c e  than sim ple CS pre-exposure , as the  
occasiona l s u rp r is in g  US p re s e n ta tio n  a f te r  a CS w i l l  d is ru p t
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processing o f the  co n te x t and the  CS.
T he re fo re , i t  seems th a t  Pearce and H a ll,  and Wagner need to  
d isp u te  the  v a l id i t y  o f learned ir re le v a n c e . They can c la im  th a t  
lea rned  ir re le v a n c e  is  s im p ly  the  sum o f CS and US pre-exposure 
e f fe c ts .  The o n ly  re le v a n t da ta  I  know about were ob ta ined by Baker 
and M ackintosh (1979). A l l  groups were g iven  c l ic k e r — >shock p a ir in g s  
a f te r  va rio u s  pre-exposure m a n ip u la tio n s . As is  usua l (eg. Baker &L 
a l ,  1981, Group L) they  found th a t  s ig n a l l in g  th e  pre-exposed shock 
abo lished  the  US pre-exposure e f fe c t .  However, when they randomly 
presented the  c l ic k e r  d u r in g  th is  pre-exposure phase, s ig n a l l in g  the  
US made no d if fe re n c e . T h is  r e s u l t  cannot be due to  the  s im ple sum o f 
the  separa te  CS and US pre-exposure e f fe c ts ,  and is  d i f f i c u l t  to  
e x p la in  in  term s o f co n te x t b lo c k in g , as we would expect s ig n a l l in g  
the  US to  reduce a co n tex t-sh ock  a s s o c ia tio n . So i t  is  p la u s ib le  th a t  
the  ra ts  le a rn t  th a t  the  CS and US were u n c o rre la te d  ( ie ,  genuine 
learned ir re le v a n c e ) ,  and th is  knowledge is  una ffe c te d  by s ig n a l l in g  
the  shock. The th e o r ie s  I  have been co n s id e rin g  do no t c a te r  f o r  
a s s o c ia tio n s  between te m p o ra lly  d is ta n t  even ts, except v ia  con tex t 
a s s o c ia tio n s . T h is  means th a t  none o f the  th e o r ie s  can o f fe r  an 
e xp la n a tio n  f o r  th e  Baker and M ackintosh r e s u l t ,  a lthough  the  r e s u lt  
is  expected frcm  the  genera l M ackintosh c la im  th a t  events th a t  a re  
poor p re d ic to rs  lo s e  a s s o c ia b i l i t y .
Ere-exposure a f & d iffe rent us
Randich and LoLordo (1979) c i t e  seve ra l s tu d ie s  th a t  dem onstrate 
th a t the  US pre-exposure e f fe c t  is  m ain ta ined when a d i f fe r e n t  
a ve rs ive  s tim u lu s  is  used in  the  pre-exposure stage. For example,
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pre-exposure to  e le c t r ic  shock le d  to  re ta rded  ta s te  a ve rs io n  when a 
CS was pa ired  w ith  l i th iu m  (Braveman 1977).
Because th is  cross-US pre-exposure e f fe c t  has o n ly  been repo rte d  
us ing  ave rs ive  USs, Braveman is  ab le  to  a s s e rt th a t  the  e f fe c t  is  due 
to  a genera l d im in u tio n  o f s tre s s . However, i f  th e  e f fe c t  can a ls o  be 
demonstrated w ith  a p p e t it iv e  re in fo rc e rs ,  then Braveman’ s e xp la n a tio n  
would be le s s  p la u s ib le ,  and i t  would be w o rth  co n s id e rin g  
e xp lana tions  such as: an im als can le a rn  th a t even ts , in  gen e ra l, a re
n o t p re d ic te d . This l a t t e r  suggestion  has obvious p a ra l le ls  w ith  
lea rned  he lp lessness , which w i l l  be d iscussed, n e x t.
LEARNED HELPLESSNESS
Seligman and M aier (1967) found th a t  dogs p re v io u s ly  exposed to  a 
ra p id  s e r ie s  o f inescapable  shocks, o n ly  s lo w ly  le a rn t  to  jump over a 
b a r r ie r  to  escape shock. This  in a b i l i t y  to  le a rn , fo llo w in g  a bout o f 
severe and inescapable shocks, has been c a lle d  lea rned  he lp lessness . 
M aier and Jackson (1979) summarized some o f i t s  cla im ed 
c h a ra c te r is t ic s .  The inescapable shocks produce a re d u c tio n  in  
genera l a c t iv i t y  w hich la s ts  f o r  24 hours, b u t n o t 48 hours, a f te r  the  
Inescapable shocks. There is  a lso  a learned o r a s s o c ia tiv e  d e f i c i t  
which la s ts  a t  le a s t  a week. M aier and Jackson c la im  th a t  the  
a c t iv i t y  d e f i c i t  can be looked a t  us ing  te s ts  such as s h u tt le -b o x  
avoidance ta sks , in  which a c t iv i t y  produces escape from  e le c t r ic  
shock; and the  a s s o c ia tiv e  d e f ic i t  is  demonstrated w ith  a Y-maze in  
which l e f t ,  bu t n o t r ig h t ,  tu rn s  are  re q u ire d  f o r  escape (so th a t
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aim less a c t iv i t y  does n o t always produce c o rre c t responses). So 
Jackson, A lexander and M aier (1980) have shown the  Y-maze d e f i c i t  
la s ts  a t  le a s t  a week; whereas M aier and Jackson re p o r t the  d e f ic i t  
w ith  s h u t t le  avoidance d isappears w ith in  two days.
G lazer and Weiss (1976) a lthough  c r i t i c s  o f  the  lea rned
he lp lessness h ypo the s is , agree about the  d is s o c ia t io n  o f a lo n g -te rm  
e f fe c t  from  a s h o rt- te rm  a c t iv i t y  d e f i c i t . To them, the  a c t iv i t y
d e f i c i t  is  due to  ve ry  severe inescapable shocks (eg, 2 sec, 4 .0  mA)
producing "a  temporary d is tu rb a n ce  in  c e n tra l n e u ro tra n s m itte r  
a c t iv i t y "  (p192); the  lo n g  te rm  e f fe c t  is  due to  moderate In te n s ity ,  
lo n g e r shocks (eg, 5 sec, 1.0 mA) producing "com peting motor
responses" (p200).
I t  is  hard to  see how the  'com peting motor response’ account can 
e x p la in  the Y-maze da ta , e s p e c ia lly  as the  tim e to  choose between l e f t  
and r ig h t  was comparable in  th e  inescapable and escapable shock 
groups. A lso , Jackson, M aier and Rapaport (1978), have presented data 
even le s s  com patib le  w ith  th e  ’ competing motor response’ account: 
Rats th a t rece ive d  80, 5 sec, 1.0 mA shocks w h ile  in  re s t r a in in g
tubes, on th e  next day showed le s s  suppression o f le v e r  p ress ing  f o r  
food , in  a d is c r im in a t iv e  punishment ta s k , than c o n tro ls  th a t  d id  n o t 
have the  p re -shocks. So d u rin g  th e  tone (th e  d is c r im in a t iv e  s ig n a l)  
which in d ic a te d  th a t  le v e r  presses would be punished, the  pre-shocked 
anim als c a r r ie d  on le v e r  p ress ing  more than c o n tro ls .  Thus the  
inescapable shocks im pa ired  le a rn in g  a le v e r  press-shock a s s o c ia tio n  
and so re s u lte d  in  more measured a c t iv i t y ,  n o t le s s ,  than the  
c o n tro ls .  In  a p a r a l le l  experim ent, the  tone s ig n a lle d  shock 




th e re  was no d iffe re n c e  between the  two groups.
The Jackson f i t  f i l.  (1978) da ta  showing th a t  severe, inescapable 
shocks in  a r e s t r a in in g  tube re ta rd  a c q u is it io n  o f a d is c r im in a t iv e  
punishment ta sk  have obvious im p lic a t io n s  f o r  any theo ry  which c la im s 
th a t shocks can a l t e r  in  t h e i r  a s s o c ia b i l i ty .  However, th e re  is  the  
problem th a t  th e  a s s o c ia b i l i ty  o f the  shock would have to  decrease f o r  
response-shock a s s o c ia tio n s , b u t n o t f o r  s tim u lus -sho ck  a s s o c ia tio n s . 
B e fore  d iscu ss in g  th is  p o s s ib i l i t y ,  i t  is  w o rth  n o tin g  the  re s u lts  o f 
Baker (1976), which prompted the  Jackson fit. aX (1978) experim ent.
Baker pre-exposed r a ts  in  S k inner boxes w ith  30 unpaired shocks 
o f 0 .5  sec d u ra t io n  and 0.25 o r  0 .4  mA in te n s ity .  Th is  procedure 
seve re ly  re ta rde d  th e  suppression o f le v e r  p ress ing  in  the  presence o f 
a n o is e , when responding was punished (d is c r im in a t iv e  punishment 
ta s k ) ,  o r  shocks were adm in is te red  independent o f responding 
(co n d itio n e d  suppression ta s k ) .  The re ta rd a t io n  f o r  d is c r im in a t iv e  
punishment was a ttenua ted  i f  the  shock pre-exposure was performed in  
the  absence o f the  le v e rs , b u t con d itio n e d  suppression was u na ffec ted  
by th is  m a n ip u la tio n .
How can we re so lve  th e  apparent d iffe re n c e s  between B a ke r's  
r e s u lts  and those o f Jackson f it. f i l  (1978)7 In  the  l e t t e r ’ s 
experim ent, th e  r a ts  were g ive n  the  i n i t i a l  inescapable shocks in  a 
r e s t ra in in g  tube , n o t in  the  Skinner box; so the  lea rned  he lp lessness 
e f fe c t  was n o t co n te x t s p e c i f ic .  But in  Baker’ s experim ent, the  
e f fe c t  was a tte n u a te d  i f  the  i n i t i a l  shocks were g iven  in  the  absence 
o f th e  le v e r ,  in  th e  S kinner box; and so we would expect th a t  the  
e f fe c t  was co n te x t s p e c i f ic ,  l i k e  the  o th e r US pre-exposure discussed 
in  th e  preceding s e c tio n . The most obvious parameter which may
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account f o r  th is  d if fe re n c e , is  th e  s e v e r ity  o f the  shocks: Jackson
f i t  âL ( 1978) used 80, 5 .0  sec, 1.0 mA shocks to  the  r a t ’ s t a i l ,  
whereas Baker used 30, 0 .5  sec, 0.25 (o r  0 .4 ) mA shocks to  the fe e t .  
Thus i t  would no t be s u rp r is in g  i f  the  much more severe trea tm en t 
produced a much more g lo b a l le a rn in g  decrement ie ,  le s s  c o n te x t 
s p e c i f ic i t y .  So th e  more g lo b a l decrement would no t re q u ire  the  
presence o f le v e rs , o r the  responses, d u r in g  the  i n i t i a l  shocks; bu t 
can th is  e xp la in  why Jackson f i t  a l  (1978) found no decrement f o r  the  
co nd ition ed  suppression procedure, bu t Baker d id? I t  seems th a t  we 
would need to  p o s tu la te  in  an ad hoc way, th a t  a change in  con tex t 
g re a t ly  a tte n u a te s  the  re d u c tio n  in  CS-shock le a rn in g , bu t o n ly  weakly 
a tte nu a tes  th e  re d u c tio n  in  response-shock le a rn in g .
In  d iscu ss in g  the  p u ta t iv e  a s s o c ia tiv e  d e f ic i t  o f the  lea rned  
he lp lessness e f fe c t ,  the  p o in t th a t  th e  shocks must be inescapable has 
been somewhat obscured: Jackson, Alexander and M aier (1980,
Experiment 2) re p o r t  such an experim ent. There were th re e  groups 
which were a l l  te s te d  in  a Y-maze f o r  escape perform ance, as described 
above. A l l  groups had p re v io u s ly  been put in  a wheel tu rn  apparatus. 
For Group Escape, on p re s e n ta tio n  o f an e le c t r ic  shock, the  r a t  had to  
tu rn  the  wheel to  te rm in a te  th e  shock. Group Yoked were yoked to  
Group Escape, so had no c o n tro l over shock te rm in a tio n , and the 
C on tro l Group were m ere ly put in  the  apparatus and had no shocks. In  
the  Y-maze ta s k  on the  fo llo w in g  day, the  C on tro l and Escape Groups 
le a rn t  to  tu rn  l e f t  e q u a lly  f a s t ,  bu t the  Yoked Group was s low er. 
A lso , the  Yoked Group was slow er to  make a response, so th e re  was an 
a c t iv i t y  d e f ic i t  as w e l l .  Thus, th e  authors c la im  th a t  these d e f ic i t s  
are  due to  the  inescapable  na tu re  o f the  shocks, n o t shock
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p re s e n ta tio n  i t s e l f .
The above experim ent p u rp o rts  to  demonstrate th a t  the  shocks need 
to  be inescapable d u r in g  pre-exposure to  produce the  lea rned  
he lp lessness e f fe c t .  However, Lubow, Weiner and Schnur (1981) have 
cla im ed th a t  acco rd ing  to  t h e i r  th e o ry  (C ond itioned A tte n t io n  Theory) 
"any. event in  th e  environm ent c o rre la te d  w ith  the  shock should 
a tte n u a te  the  learned he lp lessness e f fe c t ,  even though i t  does n o t 
te rm in a te  shock p re s e n ta tio n , ie ,  does no t e s ta b lis h  response-outcome 
contingency and does n o t increase  c o n t r o l la b i l i t y "  (p32). And Lubow 
f i t . a l  go on to  b r ie f l y  re p o r t  an experim ent to  support t h e i r  c la im s ; 
bu t they present no graphs, data o r  s t a t is t i c s ,  and the  experim ent is  
unpub lished . However, V o lp ic e l l i ,  Him and A lte n o r  (1984) have 
pub lished  re s u lts  which s u b s ta n tia te  t h is  v ie w . The f i r s t  p a r t  o f 
t h e i r  experim ents was c a rr ie d  ou t in  a s h u tt le -b o x  escape apparatus, 
w ith  the usua l Escape, Yoked and unshocked C o n tro l Groups. A fo u r th  
group (L ig h t Group) was a ls o  yoked bu t the  h o u s e lig h t was sw itched o f f  
f o r  3 sec as soon as the  shock was te rm in a te d . Tw enty-fou r hours 
la t e r ,  a l l  groups were re q u ire d  to  le v e r  press to  escape from  shocks. 
In  both  experim ents, the  Yoked Group was the  w o rs t, and in  the  second 
experim ent, the  Escape Group were a lso  b e t te r  than Groups L ig h t  and 
C o n tro l. That the  Escape anim als were s u p e rio r  to  c o n tro ls  suggests 
th a t  they had le a m t  th a t  shocks cou ld  be avoided. This has been 
c a lle d  'le a rn e d  m a s te ry '. V o lp ic e l l i  f it. f i l .  concluded th a t  the  l i g h t  
abo lished  the  learned he lp lessness e f fe c t ,  b u t does n o t produce 
' learned m a s te ry '. A l i g h t  g iven  im m edia te ly a f te r  inescapable shock 
improves subsequent escape le a rn in g . So, te rm in a tio n  o f the  shock 
needs to  be p re d ic te d , whether by a l i g h t  o r  a response, to  preven t
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the  lea rned  he lp lessness e f fe c t .  Th is  g ives us an in d ic a t io n  o f how 
the  learned he lp lessness re s u lts  could be accommodated w ith in  a 
broader framework, in  which a s s o c ia b i l i ty  o f a l l  events can change.
A Wagner exp la n a tio n  o f V o lp ic e l l i  f i t  f i l ' s  r e s u l t  would have to  
be th a t  the  l i g h t  a f te r  shock p re s e n ta tio n  decreases the  s tre n g th  o f 
the con text-shock a s s o c ia tio n . The m ajor problem, here , is  th a t  
anim als were tes te d  in  a r a d ic a l ly  d i f fe r e n t  c o n te x t; so we would 
expect l i t t l e  con tex t-shock  c o n d it io n in g  a t  the  beg inn ing  o f t e s t .
Goodkin (1976) and R o s e ll in i (1978) have extended the  lea rned  
he lp lessness data . Goodkin tra in e d  some ra ts  to  p u l l  a chain to  
o b ta in  food . These ra ts  le a rn t  a subsequent nose-poke response, to  
escape o r avo id  shock, fa s te r  than yoked c o n tro ls .  Naive anim als 
performed mid-way between these two groups. He c la im s th a t  th is  is  
evidence th a t  the yoked anim als le a m t  th a t environm enta l events were 
n o t under t h e i r  c o n tro l ( ie ,  gen e ra lized  learned  h e lp le ssn e ss ); 
fu rth e rm o re , the  cha in  p u l l  anim als le a rn t  th a t  responding d id  
determ ine environm enta l events ( ie ,  gen e ra lized  learned  m aste ry ). 
R o s e ll in i (1978) ob ta ined the  converse r e s u l t ;  namely, r a ts  th a t  had 
le a m t  to  escape from  shock, le a rn t  to  le v e r  press f o r  food fa s te r  
than t h e i r  yoked c o n tro ls .  Th is  c la im  th a t  anim als le a rn  whether o r  
n o t environm enta l events a re  under t h e i r  c o n tro l,  has s t r ik in g  
p a ra l le ls  t o  Baker and M ackin tosh ’ s (1979) suggestion  th a t  anim als 
le a rn  th a t  events are  un co rr e la te d  (c ite d ,  above, in  the  US 
pre-exposure s e c t io n ) .  Indeed, Baker and M ackintosh though t t h e i r  
dem onstra tion  o f learned ir re le v a n c e  may be "a c la s s ic a l c o n d it io n in g  
analogue o f . . . le a rn e d  h e lp le s s n e s s ."  (p293). So, the  learned 
he lp lessness phenomenon may be p a r t  o f a more genera l p a tte rn  th a t  is
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e x p lic a b le  in  terms o f a broader th e o ry .
SUMMABIÆ AS&OGIABILITI CHANGES
a rm  cs and  S pre- exposure
In  p rev ious chap te rs , ample evidence has been presented to  
support th e  c la im  th a t  CSs can change in  a s s o c ia b i l i ty  when they  a re  
a c t in g  as E ls . In  th is  ch ap te r, I  have searched fo r  a s s o c ia b i l i t y  
changes f o r  CSs as E2s, and USs as e ith e r  E ls  o r  E2s. Tab le  3 
p resen ts  a condensed sunmary.
TABLE 3 : SUMMARY OF EXPERIMENTS SUGGESTING ASSOCIABILITY CHANGES
CS US
El
M ackintosh e t  a l ,  1977 
M ackintosh, 1978 
Kaye and Pearce, 1984a 
H a ll and Pearce, 1982
Dearing e t  a l ,  1974 ?? 
V o lp ic e l l i  e t  a l ,  1984
E2
Lubow e t  a l ,  1976 ?? Baker e t  a l ,  1981
Lubow, Schnur and R ifk in  <1976) showed th a t  p re se n tin g  a CS a f t e r
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a le v e r-p re s s  reduced the  CS pre-exposure e f fe c t ;  however, t h is  cou ld  
n o t be taken as good evidence f o r  a change in  a s s o c ia b i l i ty ,  as an 
e xp la n a tio n  in  terms o f a context-C S a s s o c ia tio n  is  a lso  p la u s ib le .  
I t  was noted th a t  fu r th e r  experim ents a long the  l in e s  o f  Lubow, Schnur 
and R ifk in ,  may be ab le  to  re so lve  th is  issu e .
The evidence f o r  a s s o c ia b i l i ty  change o f an US a c t in g  as an E2 is  
somewhat b e t te r ,  b u t aga in is  re s t r ic te d  to  a s in g le  experim enta l 
r e s u l t .  Baker f i t  jaL (1981) found th a t  the  US pre-exposure e f fe c t  was
reduced i f  a l i g h t  occurred ju s t  be fore  the  US; the  problem th a t  the
l i g h t  may weaken a con te x t-sh ock  a s s o c ia tio n  was surmounted by 
comparison w ith  another group th a t  rece ived  shocks in  a d i f fe r e n t  
c o n te x t. This experim ent suggests th a t  the  a s s o c ia b i l i ty  o f  a US is
h ig h e r i f  i t  is  p re d ic te d  ra th e r  than unp re d ic ted . Th is m ir ro rs  the
M ackintosh theo ry  which says th a t  the  a s s o c ia b i l i ty  o f a CS is  
m ain ta ined o r increased i f  i t  is  a good p re d ic to r .
I  managed to  f in d  o n ly  one experim ent w ith  a US as an El in  the  
standard c la s s ic a l c o n d it io n in g  paradigms Dearing f i t  a l  (1974) found 
th a t  co nd ition ed  suppression was g re a te r  i f  food occurred a f te r  shock 
t r i a l s ,  than a f te r  non-shocked t r i a l s .  This cou ld  in d ic a te  th a t  the  
a s s o c ia b i l i ty  o f th e  shock was m ainta ined by being fo llo w e d  by food , 
and hence increased the  CS-shock a s s o c ia tio n . Th is  idea is  backed up 
by some o f the  lea rned  he lp lessness experim ents. Jackson f i t  f i t  (1980) 
showed th a t  i f  r a ts  had to  perform  a w h e e l-tu rn  response to  te rm in a te  
each shock d u r in g  pre-exposure , the  e f fe c t  o f shock pre-exposure was 
a b o lish e d , when te s te d  u s in g  a Y-maze escape ta s k . V o lp ic e l l i  f i t  f i t  
(1984) found a s im ila r  r e s u lt  by s w itch in g  o f f  the  h o u se lig h t f o r  3 
sec a f te r  each shock d u r in g  pre-exposure.
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TABLE 4 î PROCESSING CHANGES ALLOWED BY THE THEORIES
CS US
El
M ackintosh (A) 








Key: (A) = the  processing change is  an a s s o c ia b i l i ty  change.
The l i t t l e  evidence th a t  we have is  congruent w ith  the  idea  th a t  
CSs and USs can change in  a s s o c ia b i l i ty ,  whether they  are  a c t in g  as 
E ls  o r E2s. As can be seen from  Table 4, none o f the  th e o r ie s  I  have 
discussed a llo w  a s s o c ia b i l i t y  changes o f  USs, o r o f  CSs a c t in g  as E2s. 
However, expanded v e rs io n s  o f  the  Mackintosh and P ea rce -H a ll th e o r ie s  
cou ld  be used to  e x p la in  the data reviewed in  t h is  ch a p te r. An 
expanded M ackintosh th e o ry  (h e re a fte r  c a lle d  ’ M a ck in to sh -typ e *) m igh t 
say: A s s o c ia b il i ty  in c re a se s , o r is  m a in ta ined , i f  the  event e n te rs
in to  p re d ic t iv e  re la t io n s h ip s .  A lso , an expanded v e rs io n  o f  th e  
P ea rce -H a ll th e o ry  ( ’ Pear ç e -H a l l- ty p e * ) cou ld  be used to  accommodate 
many, o f  these d a ta : The a s s o c ia b i l i ty  o f an event is  h ig h e r i f
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preceding o r fo llo w in g  events a re  s u rp r is in g .  We would have to  accept 
th a t  an event c o n s is te n tly  o c c u rr in g  be fo re  the  event in  q u e s tio n , is  
more s u rp r is in g  than no event o c c u rr in g  beforehand, provided th a t 
th e re  a re  n o t to o  many t r i a l s .
The experim ents by Baker and M ackintosh (1979) suggested th a t 
r a ts  can le a m  th a t  two events are  u n c o rre la te d ; and Goodkin (1976) 
and R o s e ll in i (1978) showed th a t  r a ts  can le a rn  whether o r no t t h e i r  
a c tio n s  in flu e n c e  environm enta l events, even when the  m o tiv a t io n a l 
s ig n if ic a n c e  o f the  event is  s h if te d  from  a p p e t it iv e  to  a ve rs iv e , o r 
v ic e  ve rsa . These f in d in g s  a re  o u ts id e  the  scope o f  M ackin tosh-type 
and P e a rce -H a ll-typ e  th e o r ie s , because these th e o r ie s  o n ly  deal w ith  
te m p o ra lly  ad jacen t events (except v ia  con tex t a s s o c ia t io n s ). I  
cannot see how a P e a rce -H a ll-typ e  p r in c ip le  can e x p la in  these da ta ; 
b u t these re s u lts  support M ackin tosh ’ s general idea th a t  ra ts  le a rn  to  
a ttend  when thqy d e te c t p re d ic t iv e  re la t io n s h ip s ,  and le a rn  no t to  
a tte n d  when events a re  u n c o rre la te d .
In  conc lus ion , th e re  is  reasonable , though no t e x te n s ive ,
evidence fo r  a s s o c ia b i l i ty  changes f o r  CSs and USs a c t in g  as E ls  and
E2s, bu t no experim ents have t r ie d  to  te s t  between P e a rce -H a ll-typ e
and M ackin tosh-type a s s o c ia b i l i ty  changes (except f o r  CSs a c t in g  as
E ls ) .  This  was the  p rim ary  purpose o f the  fo llo w in g  experim ents.
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CHAPTER 8
■INVESTIGATION INTO THE MACKINTOSH ET AL (1977). 
A m  BALL AND PEABCE i m z )  EXPERIMENTS
EXPERIMENT 1
I t  w i l l  be re c a lle d  (see end o f Chapter 2) th a t  the  M ackintosh, 
Bygrave and P ic to n  (1977) experim ent cou ld , in  p r in c ip le ,  d is t in g u is h  
between two th e o r ie s  in v o lv in g  changes in  a s s o c ia b i l i ty ,  namely those 
proposed by M ackintosh, and by Pearce and H a ll .  Both th e o r ie s  
in d ic a te  g re a te r  c o n d it io n in g  to  the  novel tone when a s u rp r is in g  
second shock is  presented d u r in g  compound c o n d it io n in g . However, the  
M ackintosh theo ry  p re d ic ts  poore r c o n d it io n in g  to  the  p re - tra in e d  
l i g h t  i f  the s u rp r is in g  second shock occurs, and the  P earce-H a ll 
theo ry  p re d ic ts  g re a te r  c o n d it io n in g  to  the  l i g h t  in  t h is  case. 
U n fo rtu n a te ly , the  parameters were such th a t the re  would be complete 
suppression to  the  l i g h t  in  a l l  groups (see Table 1, Chapter 2 ) .  In  
t h is  experim ent, we can dispense w ith  the  'b locked* s tim u lu s  
a lto g e th e r  (Table 5 ) .
A t th e  end o f stage 1, i t  would be d e s ira b le  to  have suppression 
r a t io s  o f around 0 .3 , as t h is  is  the  s e n s it iv e  p a r t  o f the  s c a le , thus 
avo id in g  f lo o r  e f fe c ts .  T h e re fo re , the  procedure used by H a ll and 
Pearce (1982) was fo llo w e d  as t h is  re s u lte d  in  suppression r a t io s  o f 
0 .30 -0 .35  to  th e  CS a f te r  many (60) stage 1 t r i a l s ,  and le a rn in g  was 
a s ym p to tic * , a t  le a s t  as measured by co nd ition ed  suppress ion . The
90
TABLE 5: DESIGN OF EXPERIMENT 1
Stage 1 Stage 2
72 t r i a l s  t r i a l  1 t r i a l  2 t r i a l  3
T— >Sh T—“ ^Sh+Sh T——^Sh T— ^Sh
Key: T = tone, Sh = shock
fa c t  th a t  le a rn in g  was asym ptotic  eases the  th e o re t ic a l a n a ly s is :  
Accord ing to  the  Pearcéi-Hall th e o ry , a t  asymptote the  a s s o c ia b i l i ty  o f 
the  . . to n e -w ill be m in im a l; thus , on re c e iv in g  a s u rp r is in g  double shock 
(on t r i a l  1 o f  stage 2) th e re  w i l l  be l i t t l e  increase in. the 
tone— >shock a s s o c ia tio n ; but the  a s s o c ia b i l i ty  o f the tone w i l l  
in c re a s e . This should lead to  g re a te r le a rn in g  o f the  tone— >shock 
a s s o c ia tio n  .on t r i a l  2 o f stage 2 . Therefore  th e re  should be g re a te r  
suppression o f le v e r-p re s s in g  on t r i a l  3 than t r i a l  2, in d ic a t iv e  o f
c o n d it io n in g  above asymptote.
Accord ing to  the  M ackintosh th e o ry , a t  asymptote the 
.a s s o c ia b il i t y  and the a s s o c ia tiv e  s tre n g th  o f the  tone should bo th  be 
maximal. When th e  s u rp r is in g  double shock occurs , th e  a s s o c ia b i l i ty  
o f the  to n e  w i l l  n o t Increase , as i t  is  m axim al, b u t the  a s s o c ia t iv e
*  I t  is  sometimes c a lle d  pos t-asym p to tic  as th e  maximum suppress ion  
was p robab ly  a t  some è a r l ie r  p o in t  in  t r a in in g  (see Ayres, Moore and 





s tre n g th  o f the  tone— >shock a s s o c ia tio n  should r is e .  There is  then a 
p re s e n ta tio n  o f th e  s in g le  shock ( t r i a l  2 ) ;  t h is  shock w i l l  be 
o v e r-p re d ic te d , so th a t  the  a s s o c ia tiv e  s tre n g th  w i l l  d e c lin e  as a 
r e s u lt  o f th is  s in g le  shock p re s e n ta tio n . Thus su b je c ts  should 
d is p la y  g re a te r suppression on t r i a l  2 than on t r i a l  3.
I t  w i l l  be noted th a t  a re p re s e n ta tio n  co m p e tit io n  argument would 
be ve ry  s im ila r  to  the  M ackintosh account i f  p r io r i t y  is  g iven  to  the  v f  
most recen t even ts , perhaps due to  fo rg e t t in g .  W ith  re p re s e n ta tio n  
co m p e tit io n , each t r i a l  is  le a m t  to  the  same e x te n t. So a f te r  t r i a l  
1, o f  stage 2, th e  a n im a l's  response is  determ ined by a com bination o f 
the  re p re s e n ta tio n s  o f the  double shock and s in g le  shock t r i a l s .
A f te r  t r i a l  2, the  double shock w i l l  be s l ig h t ly  le s s  re c e n t, so 
response is  determ ined more by the  s in g le  shock t r i a l s ,  than a f te r  
t r i a l  1. There fo re  a r e s u lt  in  fa vo u r o f the  P earce -H all theo ry  cou ld  
n o t be exp la ined  by e ith e r  the  M ackintosh th e o ry  o r  by re p re s e n ta tio n  
co m p e titio n .
A w ith in -s u b je c ts  design was used; so each su b je c t rece ived  
ex tens ive  tone-shock p a ir in g s  before  re c e iv in g  a s u rp r is in g  
tone— >shock + shock t r i a l .  There were then two more tone— >shock 
t r i a l s :  the  M ackintosh theo ry  p re d ic ts  g re a te r suppression on the
f i r s t  t r i a l  a f te r  th e  double shock than the  second, w h ile  the  
P earce-H all th e o ry  p re d ic ts  g re a te r suppression on the  second t r i a l  
a f t e r  the  double shock t r i a l .
Method
S u b je c ts : Throughout these experim ents, male Hooded L is te r  r a ts  were
used. A l l  were bred in  the  Psychology Department o f  St Andrews
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U n iv e rs ity ,  except in  Experiment 5, when the  ra ts  were ob ta ined from  
0LAC(76). The r a ts  were housed, and experimented upon, in  th is  same 
b u ild in g .  E xperim en ta tion  took place d u r in g  the  l i g h t  p a r t o f a 12 
hour l i g h t /  12 hour dark c y c le . The tem perature o f the  home cages 
va r ie d  between 22 and 28 degrees C entigrade. In  a l l  experim ents, 
s h o r t ly  a f te r  the  d a i ly  experim enta l sess ions, th e  su b je c ts  were 
weighed and fed  to  m a in ta in  t h e i r  w e igh ts  c lose  to  the  ta rg e t  v a lu e .
In  t h is  experim ent, 15 e xp e rim e n ta lly  na ive  ra ts  were i n i t i a l l y  
m ainta ined a t  85% o f t h e i r  fre e - fe e d in g  w e igh t ( fre e - fe e d in g  range 
389-529  grams; mean 476 grams) b u t as th is  re s u lte d  in  low b a se lin e  
response ra te s ,  they were subsequently reduced to  80% o f t h e i r  
fre e - fe e d in g  w e igh t on day 7 o f  th e  V I 60 sec procedure. The ra ts  
were kep t in  in d iv id u a l cages, f o r  the  d u ra t io n  o f t h is  experim ent.
Apparatus; Four S k inner boxes (Campden Ins trum en ts , C l 460) were 
used, each f i t t e d  w ith  one response le v e r  to  the  r ig h t  o f a recessed 
food t ra y  to  which a 45 mg com position food p e l le t  (Campden 
Ins trum en ts ) cou ld  be d e liv e re d  as reward. An e x tra c to r  fa n  gave each 
box a background no ise  le v e l o f 72 dB SPL. Each box had a loudspeaker 
f i t t e d  to  the  c e i l in g ,  th rough  which a 3.11 kHz s in u s o id a l tone could 
be presented. This  tone increased the  sound le v e l to  82 dB SPL. The 
f lo o r  cons is ted  o f m eta l g r id  bars which could be e le c t r i f ie d  us in g  a 
cons tan t c u rre n t shock source and scram bler (Campden Ins trum en ts  521C 
and 521S). The scram blers were m od ifie d  so as to  genu ine ly  produce 16 
scrambled o u tp u ts , as opposed to  two p a r a l le l se ts  o f 8, produced by 
the standard dev ice . The boxes were housed in  sound and l i g h t  
a tte n u a tin g  chambers. I l lu m in a t io n  was provided by a 2 .8  W h o u s e lig h t 
c e n t r a l ly  lo ca te d  on the  c e i l in g .
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A l l  the  experim ents were c o n tro lle d  from  a separa te  room, us ing  a 
Nova 4C computer l in k e d  to  a BBC m ic ro . A l l  the  programs were w r it te n  
in  ACT-N (M ille n s o n , 1971).
Procedures A f te r  m a g a z in e -tra in in g  and response-shaping, the  ra ts  
rece ived  two 40 m in d a i ly  sessions w ith  s in g le  food p e l le ts  a v a ila b le  
on a V I 30 sec schedule. A l l  V I schedules in  the  le v e r  press 
experim ents u t i l iz e d  th e  ' Harvard Golden Tape Schedule' as described 
by C atania and Reynolds (1968). They c la im  th a t  th is  schedule 
produces much more c o n s is te n t ra te s  o f  responding than a r ith m e tic  o r 
geom etric V I schedules. The V I 180 sec schedule they describe  had 15
in te r v a ls :  560, 60, 220, 5, 140, 120, 5, 260, 500, 60, 300, 20, 60,
350, and 140 seconds, in  th a t  o rd e r. These in te r v a ls  were 
a p p ro p r ia te ly  reduced to  produce V I 30 and V I 60 schedules. The 
su b je c ts  then  rece ived  14 d a i ly  40 min sessions o f V I 60 sec t r a in in g .  
There were then 18, 60 m in sessions o f co nd ition ed  suppression
t ra in in g  in v o lv in g  a v a r ia b le  number o f tone-shock p a ir in g s  (2 days 
w ith  6 t r i a l s ,  4 w ith  2, 2 w ith  3, 2 w ith  4, 4 w ith  6, 2 w ith  4 , then
2 w ith  3 t r i a l s  on each days a t o ta l  o f 72 t r i a l s ) .  The tone CS was
presented f o r  60 sec and was always im m ediate ly fo llo w e d  by a shock o f 
0.5 mA in te n s ity  and 0 .5 sec d u ra t io n . The f i r s t  12 sessions had food 
p resen ta tio ns  on a V I 60 schedule , and the  la s t  6 days (p lus  the  te s t  
day) on a V I 30 schedule . In  the  s in g le  te s t  sess ion  ( ie ,  stage 2 ) ,  
the  su b je c ts  rece ived  one tone p re se n ta tio n  im m edia te ly fo llo w e d  by a 
0 .5 mA, 0.5 sec shock and 10 sec la t e r  another id e n t ic a l shock; they 
then rece ive d  2 fu r th e r  tone p resen ta tio ns  each fo llo w e d  by a s in g le  
0.5 mA, 0 .5  sec shock.
v'.'ï
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In  most o f these experim ents, Kamln suppression r a t io s  are  used 
(eg, Annau and Kamln, 1961) as the  measure o f c o n d it io n in g , as Church 
(1969) has shown I t  to  be a good measure. The suppression r a t io  Is  
B /(A+B)} where B Is  the  ra te  o f responding d u r in g  the  OS, and A Is  the  
ra te  o f responding d u rin g  a pre-CS in te r v a l In  which no s t im u l i  are 
presented. Analyses o f va riance  were performed us ing  the  A lic e  
computer package. M iss ing  da ta  sometimes nece ss ita te d  an a l te r a t io n  
In  the e r ro r  degrees o f freedom, and, hence, a change In  the  F r a t io .  
On these occasions, th e  le v e l o f s ig n if ic a n c e  was asce rta ined  us ing  
s t a t i s t i c a l  ta b le s  (L ln d le y  and M i l le r ,  1953).
R esu lts
Of the  f i f t e e n  r a ts  tra in e d , one con trac ted  pneumonia, ano ther 
showed no s ign  o f le a rn in g  the  tone— >shock a s s o c ia tio n , and two d id  
n o t respond In  th e  pre-CS and th e  CS In te rv a ls  In  one o f the  two te s t  
t r i a l s  (hence m eaningfu l suppression r a t io s  cou ld  n o t be c a lc u la te d ) ;  
da ta  from  these fo u r  anim als were th e re fo re  om itted  from  a n a ly s is .
On the la s t  day o f t r a in in g ,  the  mean pre-CS response ra te  was 
24.8 presses per m inu te , and on th e  te s t  day was 22 .5 . A n a lys is  o f 
va rian ce  In d ica te d  th a t  t h is  s l ig h t  decrease was n o t s ig n if ic a n t  
(F=2.8, d f=1 ,10 , p > 0 .1 ). The mean suppression r a t io  on the  la s t
t r a in in g  day was 0 .141; on the  3 te s t  day t r i a l s ,  0.165, 0.108 and
0.125 re s p e c t iv e ly .
The comparison o f p rim ary In te re s t  was between t r i a l s  2 and 3 o f 
the  te s t  day. The s l ig h t ly  g re a te r suppression on t r i a l  2 was 
n o n -s lg n lf le a n t  ( t[1 1 ]= 0 .4 9 , p>0.05: c o rre la te d  t - t e s t ) .  A lso , the
d iffe re n c e  between t r i a l  1 and the  mean o f t r i a l s  2 and 3, on the  te s t
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day, was n o t s ig n if ic a n t  ( t [1 1 ]= 1 .2 ,  p>0.05)} so we cannot be sure 
th a t  the  double shock produced an Increase In  suppression.
Dlscuggjpa
The m ajor problem w ith  t h is  experiment was th a t  re le v a n t data 
were on ly  c o lle c te d  from  10 su b je c ts  (4 had to  be om itted  from  
a n a ly s is , and one showed complete suppression to  the  tone th roughout 
th e  te s t  d ay ). Due to  t h is  sm all number. I t  was thought th a t  a 
w lth ln -s u b je c ts  design was more a p p ro p ria te  than a betw een-sub jects 
des ign . Th is  had the  u n fo rtu n a te  consequence o f p ro v id in g  a 
comparison between o n ly  2 t r i a l s  per s u b je c t. W ith  16 s u b je c ts , a 
between-groups design would a llo w  us to  see how th e  s u rp r is in g  double 
shock a f fe c ts  e x t in c t io n  ra te s ,  and so would p o te n t ia l ly  p rov ide  much 
more da ta .
Another problem was th e  h igh  le v e l o f suppression shown a t the  
end o f stage 1 (0 .1 4 ), compared w ith  0 .30 -0 .35  In  H a ll and Pearce 's 
(1982) s im ila r  experim ent. Presumably, th is  d iscrepancy is  la rg e ly  
because t h e i r  0 .5  mA, 0 .5  sec shock was le s s  p a in fu l than the  shocks I  
used w ith  the  same nom inal param eters. This Is  supported by the  ' f o l k  
lo r e '  o f mapy researchers  in  t h is  f i e l d ,  th a t  G rason-S tad le r shock 
gene ra to rs , which they used, produce le s s  ave rs ive  shocks than the  
Can^den Instrum ents* v e rs io n  w hich I  used. T h is  la rg e  suppression 






The H a ll and Pearce (1982) r e s u lt  (see beg inn ing  o f Chapter 4, 
in c lu d in g  Table 2) i s  w id e ly  c ite d ,  and Is  o fte n  regarded as an 
Im portan t example o f an Increase In  a s s o c la b l l l ty  o f a CS due to  a 
s u rp r is in g  change In  the  events th a t  fo l lo w .  Because o f I t s  
Im portance, I t  was deemed d e s ira b le  to  a ttem pt a r e p l ic a t io n .  As f a r  
as I  know, no-one has done t h is .  So, In  keeping w ith  H a ll and Pearce, 
two groups o f r a ts  were g iven  extens ive  tone— >weak shock p a ir in g s . 
The S u rp rise  Group (Group 8) then  rece ived  two s u rp r is in g  tone alOne 
t r i a l s  be fore  the  tone— >strong shock t r i a l s ;  the  o th e r group had the  
tone a lone t r i a l s  om itted  (Group E: Expected). I  have attem pted to
fo llo w  t h e i r  design as c lo s e ly  as p o s s ib le  (see Table 6 ) . Stages 3 
and 4 g ive  an a lte rn a t iv e  measure o f c o n d it io n in g  to  the  tone ; th a t  
I s ,  how w e ll the  tone b locks  c o n d it io n in g  to  a nove l l i g h t  In  bo th  
groups.
MsjLhod
S u b je c ts : 16 e x p e rim e n ta lly  na ive  ra ts  were used. A t the  s ta r t  o f
the  experim ent, t h e i r  mean w e igh t was 261 g (range 234-313 g ) ;  they 
were then  reduced to  80$ o f the  I n i t i a l  w e igh t by l im i t in g  the  amount 
o f food a v a ila b le  a f te r  the  d a l ly  experim enta l sess ions. 3 g per day 
were added to  t h e i r  ta rg e t  w e igh t u n t i l  the  ta rg e t  w e igh t was up to  
238 g ; one g /day was added th e re a f te r  to  keep the  ra ts  a t  80$ o f the  
fre e -fe e d in g  grow th cu rve . The ra ts  In  t h is ,  and a l l  subsequent 
experim ents, were housed In  p a irs ,  bu t g iven food In d iv id u a l ly .
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Key: T = to n e , w Sh = weak shock, 8 Sh = s trong  shock, 
L = l i g h t ,  Group S = s u rp r is e , E = expected, 
b = b lo c k in g , c = c o n t ro l,  t r  = t r i a l s .
Apparatus: As Experiment 1, except th a t new o u te r boxes were used, in
which the background no ise  le v e l (due to  the  e x tra c to r  fa n ) was 66 dB 
SPL, 80  the  tone was reduced such th a t the  tone increased the  souisd 
le v e l to  79 dB, s t i l l  u s in g  a 3*11 kHz tone .
Procedure: A f te r  magazine and le v e r  t r a in in g ,  the  sessions always
Inc luded  a V I 60 sec schedule f o r  reward. In  stage 1, th e re  were 11 
one hour d a l ly  sessions in  which the  tone was presented f o r  90 sec 
im m edia te ly fd lc w e d  by a 0 .3  mA, 0 .5  sec fo o t-s h o c k . There were 6 
t r ia ls / d a y ,  w ith  th e  in te r v a l between ad jacen t tone onsets be ing 9
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m in; and the  f i r s t  t r i a l  began 9 mln a f te r  th e  s ta r t  o f the  sess ion .
A t the  end o f stage 1, the  r a ts  were s p l i t  in to  2 groups matched In  
p a irs  on the  bas is  o f the  t o ta l  number o f responses on the  la s t  day o f 
tone-->weak shock p re s e n ta tio n , and, a ls o , on the  bas is  o f the  mean
-'.f-
suppression r a t io s  f o r  th a t  day. In  stage 2, bo th  groups rece ived  4 
t r i a l s  each day, w ith  the  tone s ig n a l l in g  a 0 .6  mA, 1.0 sec shock, f o r  
3 days. For Group S on th e  f i r s t  day, these t r i a l s  were preceded by 
two t r i a l s  In  which th e  tone was presented In  the  absence o f shock.
Except f o r  th is  f i r s t  day f o r  Group S, the  session le n g th  was reduced 
to  45 m ln.
By matching on the  bas is  o f b a se lin e  ra te s  In  stage 2, the  groups >51 
were each subd iv ided  In to  groups b and c . In  stage 3, Groups Sc and 
Ec rece ived  3 days w ith  a 90 sec l i g h t  fo llo w e d  Im m ediate ly by th e  0.6 
mA, 1.0 sec shock. The l i g h t  CS comprised the  l e f t  and cen tre  panel 
l i g h t s  f la s h in g  on f o r  2 .7  sec and o f f  f o r  300 msec. Groups Sb and Eb 
had Id e n t ic a l trea tm en t to  t h is ,  except th a t  the  l i g h t  was presented
In  compound w ith  the  tone . Due to  a fuse  b low ing on the  f i r s t  sess ion  i '
'
o f stage 3, a l l  sessions In v o lv in g  the  l i g h t  la s te d  52 m ln w ith  5 
t r i a l s  per sess ion  (9 mln a p a rt as b e fo re ) . There was one 60 mln 
base line  recovery  day, then f i n a l l y ,  bo th  groups were g iven  l i g h t
e x t in c t io n  t r i a l s  (s tage 4 ) ,  5 t r ia ls /d a y  f o r  2 days.
R esu lts  md. D iscuss ion  
A t the  end o f le v e r  press t r a in in g .  Group S u rp rise  was making
10.5 le v e r  presses per m ln, and Group Expected, 10.2. The maximum
c o nd ition ed  suppression to  the  tone In  stage 1 was shown on day 3 




pre-CS o r CS p e r io d s ) ; and by the  la s t  day, th e re  was ve ry  l i t t l e  
evidence o f suppression  (0 .4 3 , w ith  o n ly  one data p o in t  lo s t ) .  Ayres 
f i t  f i l  (1984) a ls o  found th is  lo s s  o r re d u c tio n  o f suppression, and 
c a lle d  I t  ’ pos t-a sym p to tic  d e c lin e * ;  and th e re  Is  n o th in g  In  H a ll and 
Pearce 's (1982) da ta  to  suggest th a t  they d id  n o t.
There are  two ’ a r te fa c tu a l ' In te rp re ta t io n s  o f t h is  d e c lin e . |
F i r s t ,  I t  may be due to  I n h ib i t io n  o f de lay . In  w hich the  beg inn ing  o f 
the  tone Is  g ra d u a lly  le a m t  to  be sa fe , so th a t  co n d itio n e d
suppression Is  o n ly  e v id e n t In  the  la t e r  p a rts  o f the  tone
p re s e n ta tio n . To te s t  t h is  Idea, the  number o f le v e r  presses d u r in g
th e  tone was c o lle c te d  s e p a ra te ly  f o r  the  f i r s t ,  m idd le  and la s t  30 
sec pe riods o f the  CS p e r io d . For day 10, the  mean ra te s  per m ln f o r  
the  3 pe rio ds  were 7 .8 , 7 .6 , and 7 .0  re s p e c t iv e ly ,  and 8 .7 , 7 .2  and 
6 .6  f o r  day 11. A Days *  Period  a n a ly s is  o f va rian ce  (ANOVA) showed : 0
th a t  the  e f fe c t  o f pe riod  ( le ,  which p a r t  o f the  CS) was
n o n -s lg n lf le a n t  (F=2.1, d f= 2 ,3 0 , p > 0 .1 ). Even I f  these d iffe re n c e s  
were r e a l,  the  Increase In  suppression du rin g  the  CS pe riod  would be 
f a r  too  s l ig h t  to  e f fe c t  any a p p re c iab le  change In  o v e ra l l suppression 4%
r a t io s .  For In s ta nce , I f  th e  pre-CS ra te  Is  10.0 presses per m ln on 
day 11, ta k in g  the  o v e ra l l CS r a te ,  produces a suppression r a t io  o f 
0 .43 , whereas ju s t  us ing  the  la s t  30 sec o f the  CS g ives  0 .40 . This 
s l ig h t  d if fe re n c e , w hich may be due to  I n h ib i t io n  o f d e la y , cannot 
e x p la in  th e  post asym pto tic  d e c lin e  in  suppression.
The second p o s s ib i l i t y  is  th a t  the  re g u la r  spacing o f the  t r i a l s  
may re s u lt  In  a r te fa c tu a l ly  low suppression ra te s .  I f  th e  ra ts  had a 
’ p e r fe c t in te rn a l c lo c k ’ they would knew when a l l  th e  shocks were due, 3:
w ith o u t the  tone , le ,  once every 9 m inu tes . I f  the  r a ts  were
é
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a n t ic ip a t in g  th e  shocks by th e  tiio e  from  the  la s t  shock, we would 
expect to  see a gradua l d e c lin e  in  response ra te  be fo re  the  tone was 
adm in is te red ; hence the  pre-CS ra te s  would be low er than the  o v e ra ll 
base line  ra te ,  and so the  suppression as measured by the  conven tiona l 
suppression r a t io  would be le s s  severe than one us ing  the  o v e ra l l 
base line  ra te .  The response ra te  was measured f o r  each o f the  8 mln 
be fo re  CS onset ( a f t e r  th e  f i r s t  t r i a l ,  as th e re  were on ly  7 .5  mln 
between CS o f fs e t  and the  nex t onse t, the  ra te  f o r  the  f i r s t  h a l f  
m inute o f th e  I n t e r - t r l a l  In te rv a l was used). The mean response ra te  
averaged over the  m inutes be fo re  the  6 t r i a l s  o f day 11 o f tone— >weak 
shock t r a in in g  were, 10.2, 10.9, 10.6, 10.8, 10.9, 10.9, 10.9, and
11.2 presses per m ln , where the  la s t  score Is  f o r  the  m ln Im m ediate ly 
b e fo re  CS onse t, th e  p e n u ltim a te  score fo r  the  mln be fo re  th a t ,  e tc .  
C le a r ly  th e re  Is  no o v e ra l l d if fe re n c e  In  response ra te s  as a fu n c t io n  
o f tim e be fo re  CS onse t.
Thus I t  seems th a t  th e  r a ts  must have hab itua ted  to  the  shock In  
some way. E ith e r  by the  shocks a c tu a lly  fe e l in g  le s s  p a in fu l,  o r  
because th e  a n t ic ip a t io n  o f pa in  has ceased to  d is ru p t  le v e r  p ress in g , 
perhaps because they have le a rn t  th a t  the re  Is  no escape (see C apald l 
f i t  a l ,  1985).
The mean suppression r a t io s ,  f o r  the  la s t  day o f stage 1 and the  
s ix  days o f stage 2 , can be seen In  F igu re  1. A Group *  Days *  T r ia ls  
ANOVA was performed on th e  da ta  from  stage 2. The e f fe c t  o f Groups, 
Days and the  Group *  Days in te ra c t io n  were a l l  n o n -s lg n lf le a n t  
(F s< 1 .4 ). 8o, as can be seen In  F ig u re  1, I  have been unable to
r e p lic a te  H a ll and P earce 's  (1982) f in d in g  th a t  Group S u rp rise  was 
I n i t i a l l y  le s s  suppressed than th e  c o n tro l group, b u t then le a rn t
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f a s te r .  What is  s tra n g e r, is  the  la c k  o f a Days e f fe c t ,  suggesting  
th a t  no tone— >strong  shock le a rn in g  took place In  e i th e r  g roup . 
C e r ta in ly ,  the  la s t  da y 's  o v e ra ll suppression r a t io  o f  0.37 In d ic a te s  
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STAGE 1 STAGE 2. BLOCKS OF 2 TRIALS
FIGURE 1. Experiment 2# group meen euppretelon retlo# fcr 
the last day of at age 1, the 2 tone alone tr ia l#  for Group 
S only, and the 12 tone—>atrong ahock tr ia ls  of stage 2.
LD = Last day of stage 1. To # Tone only t r ia it .
The o n ly  s ig n i f ic a n t  r e s u lt  was th e  Group » T r ia l  In te ra c t io n
(F=5.2 , d fs 3 ,4 l,  p< 0 .01 ). Whereas the  S u rp rise  Group was l i t t l e
suppressed on th e  f i r s t  t r i a l  per day (0 .44) b u t more suppressed
th e re a f te r  (0 .3 2 , 0 .38 , 0 .3 4 ) , the  C on tro l Group was more suppressed
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on the  f i r s t  t r i a l  per day (0 .37 ) than  subsequent t r i a l s  (0 .4 3 , 0 .46 ,
0 .5 0 ) . A n a lys is  o f the  pre-CS ra te s  showed a s im ila r  p a tte rn . The 
group d iffe re n c e  (4 .8  press/m ln  f o r  Group S u rp ris e , 8 .2  f o r  the  
c o n tro ls )  a lthough  la rg e ,  was n o t s ig n if ic a n t  (F=3.0, d f= 1 ,14, p > 0 .1 ). 
The o n ly  s ig n if ic a n t  e f fe c t ,  aga in , was the  Group *  T r ia l  In te ra c t io n  
(F=3.4, d f= 3 ,42 , p< 0 .05 ). Again , In  the  S u rp rise  Group, th e re  was
moderate responding on the  f i r s t  t r i a l  (6 .9  presses/m ln) which f e l l  
f o r  the  o th e r t r i a l s  (3 .6 , 4 .1 , 4 .8 ) ;  bu t the  Expected Group
m ainta ined pre-CS responding th roughout the  sessions (7 .8 , 8 .2 , 7 .9 ,
and 8.9 re s p e c t iv e ly ) .  This Group *  T r ia ls  In te ra c t io n  lo oks  q u ite  
s im ila r  to  the  r e s u l t  o f  H a ll and Pearce (1982), as they  o n ly  had 4 
te s t  t r i a l s  a l l  on the  same day. I t  looks as I f  the  s u rp r is in g  
em ission o f shock on the  f i r s t  two t r i a l s  o f  stage 2 leads to  le s s  
suppression on th e  f i r s t  shocked t r i a l  each day, b u t g re a te r  
suppression  th e re a f te r .  B u t, the  data from  H a ll and Pearce 's (1982) 
r e p lic a t io n s  appear Incom pa tib le  w ith  th is  Idea . These re p lic a t io n s  
were performed 'o f f  the  b a s e lin e ',  so th a t  suppression was o n ly  
measured In  e x t in c t io n .  Accord ing to  the  present r e s u l t ,  th e  S u rp rise  
Group should be le s s  suppressed on th e  f i r s t  e x t in c t io n  t r i a l  (as I t  
Is  the  f i r s t  t r i a l  o f a day, a f te r  s tro n g  shock t r i a l s ) ;  and, 
presumably, any le a rn in g  on the  t r i a l  should produce even more 
e x t in c t io n .  H a ll and Pearce c o n s is te n tly  found the  oppos ite  r e s u l t :  
namely, the  S u rp rise  Group was more suppressed than Group Expected on 
a l l  t r i a l s ,  w ith  no In te ra c t io n .
To see I f  th e re  was any evidence o f tone— >s tro n g  shook le a rn in g , 
I  attem pted to  use th e  tone  to  b lo ck  le a rn in g  o f a l lg h t -> s t ro n g  shock 
a s s o c ia tio n . The pre-CS ra te  In  stage 3 was 10.3 presses per mln f o r
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th e  B lock in g  Groups (b ) ,  and 8.1 f o r  the  C o n tro l Groups ( c ) .  These 
moderate mean ra te s  h id  huge v a r ia b i l i t y :  two ra ts  pressed more than
23 tim es per m inute , and 5 r a ts  managed le s s  than 31 To avo id  huge 
numbers o f m iss ing  data p o in ts ,  o n ly  the  4 matched p a irs  who responded 
fa s te s t  were ana lyzed. A t th e  end o f stage 3, th e  B lo ck in g  Groups had 
a mean suppression r a t io  o f  0 .19 , compared to  0.13 f o r  the  C o n tro l 
Groups. This d iffe re n c e  In  the  d ire c t io n  expected ( I f  the  tone Is  
a ve rs iv e ) was n o t s ig n if ic a n t  (F=3*5, d f= 1 ,6 , p> 0 .1 ). But the  e f fe c t  
o f  Days was s ig n i f ic a n t  (F=15.6, d f= 2 ,12, p<0.001), In d ic a t in g  a re a l 
Increase In  suppression over days: the  mean suppression f e l l  from
0.35 on the  f i r s t  day, to  0.15 on the  t h i r d .  The l i g h t  o n ly  t r i a l s  
were Intended to  re v e a l whether the  tone had blocked c o n d it io n in g  to  
the  l i g h t .  A b locked l i g h t  should e l i c i t  weaker suppression. 
However, the  B lo ck in g  Groups ( a l l  8 an im als) had a mean suppression 
r a t io  o f 0 .37 , c lo se  to  th e  score o f 0.34 f o r  the  C o n tro l Groups. 
This  s l ig h t  d iffe re n c e  In  the  expected d ire c t io n  was n o t s ig n if ic a n t  
(F<1). The pre-CS ra te s  were 9.77 presses/m ln f o r  th e  blocked anim als 
and 11.3 f o r  c o n tro ls ;  these ra te s  d id  no t d i f f e r  s ig n i f ic a n t ly  (F<1).
Conolusloh
This f a i lu r e  to  r e p l ic a te  H a ll and Pearce 's (1982) r e s u lt  appears 
to  be p r im a r ily  due to  f a i lu r e  to  produce s ize a b le  cond ition ed  
suppression w ith  th e  s tro n g  shock t r i a l s .  There was no evidence th a t  
the  anim als le a m t  the  to n e -s tro n g  shook a s s o c ia tio n , as th e re  was no 
Increase In  suppression w ith  tone— >strong shock t r i a l s ;  and the  tone 
subsequently f a i le d  to  b lo ck  c o n d it io n in g  to  a l i g h t .  The next 
experim ent attem pted to  remedy t h is .
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EXPERIMENT 3
Experiment 3 was a second a ttem pt to  r e p l ic a te  H a ll and Pearce 's 
(1982) experim enta l r e s u l t .  The In te n s ity  o f  bo th  shocks was 
increased . A t the  end o f stage 1, the  suppression r a t io  In  the  
prev ious experim ent was 0 .43 , compared w ith  0 .3 0 - 0.35 f o r  H a ll and 
Pearce 's d a ta . There fo re  I  Increased the  weak shock In te n s ity  from  
0 .3  mA to  0.4 mA. As l i t t l e  c o n d it io n in g  occurred d u r in g  stage 2 , the  
s tron g  shock was Increased from  0.6 mA to  1.0 mA, This tim e I  
Inc luded  the  group In  which th e  tone Is  nove l a t  th e  s ta r t  o f s tron g  
shock c o n d it io n in g . Th is  group a llow s  us to  see how g re a t th e  CS 
pre-exposure e f fe c t  i s ,  and hence determ ine the  cause o f a n u l l  r e s u l t  
I f  t h is  Is  ob ta ined aga in ; le .  Is  I t  due to  la c k  o f th e  CS 
pre-exposure e f fe c t  w i th  tone— >weak shock p re-exposure , o r is  I t  due 
to  f a i lu r e  to  produce a re le a se  from  the  CS pre-exposure e f fe c t  w ith  
the  2 s u rp r is in g  tone a lone t r ia ls ?
As can be seen from  Table 7 , the  design Is  e x a c tly  the  same as In  
H a ll and Pearce 's (1982) experim ent.
Me.thod
S u b je c ts : The 24 s u b je c ts  had an I n i t i a l  mean fre e - fe e d in g  w e igh t o f
349 grams (standard  d e v ia t io n , 43 g) ; and were g ra d u a lly  reduced to
80$ o f  th is  w e ig h t, f o r  the  d u ra t io n  o f the  experim ent.
Apparatus; Id e n t ic a l to  th a t  used In  Experiment 2.
Procedure: A f te r  magazine and le v e r  press t ra in in g ,  th e re  were 6
d a l ly  sessions on a V I 60 seconds schedule , la s t in g  one hour.
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TABLE 7 : DESIGN Œ EXPERIMENT 3
Group S u rp rise  
Group Expected 






T—, T—"^s Sh 
T“ —^ s Sh 
T— >s Sh
Key: T = to n e , L = l i g h t ,  
w Sh = weak shock, s Sh = s tron g  shock
T h e re a fte r ,  a l l  sessions con ta ined  the  VI 60 schedule , and a l l  stage 1 
sess ions la s te d  one hou r. A f te r  the  la s t  b a s e lin e  day, th e  r a ts  were 
ranked fo r  r a te  o f respond ing . The ranked l i s t  was d iv id e d  In to  
th re e s , and one r a t  ou t o f each t r i o  was randomly a llo c a te d  to  Group
L. Stage 1 t r a in in g  la s te d  f o r  12 days w ith  6 t r ia ls /d a y  o f a
co n d itio n e d  s tim u lu s  im m edia te ly  fo llo w e d  by a weak shock. The weak 
shock was o f  0 ,4  mA in te n s i t y ,  f o r  0 .5 sec. For Group L , the  CS was 
th e  l e f t  and ce n tre  panel l i g h t s  f la s h in g  on f o r  2 .7  sec and o f f  f o r  
300 msec; w h ile  the CS f o r  the  o th e r  ra ts  was th e  con tinuous to n e ;
b o th  CSs la s te d  90 sec. A t th e  end o f stage 1, th e  r a ts  w h ich  had
been re c e iv in g  tone-weak shock p a ir in g s  were d iv id e d  In to  two groups 
matched f o r  suppression to  the  tone . Stage 2 la s te d  f o r  2 days, and
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on each day th e re  were 4 tone— >strong shook t r i a l s  f o r  a l l  the  
groups. The s tro n g  shock was o f 1.0 mA in te n s it y ,  and was 1.0 sec 
lo n g . For Group S on th e  f i r s t  day, th e re  were 2 tone a lone t r i a l s  
be fo re  the  4 tone— >strong shock t r i a l s ;  t h is  session la s te d  the  usua l 
60 m inu tes, a l l  the  o th e r sessions were reduced to  45 m ln. In  both  
s tages, as In  Experiment 2, th e  t r i a l s  were spaced 9 m ln a p a rt,  onset 
to  onse t.
B fiSU lts and D iscuss ion
On the  la s t  day o f stage 1 t r a in in g ,  Group L had a mean 
suppression r a t io  o f  0 .08 , and the  r a ts  w ith  tone-weak shock p a ir in g s , 
0 .38 ; t h is  d iffe re n c e  was s ig n i f ic a n t  (F=23.6, d f= 1 ,2 2 , p<0.0001).
L ikew ise , Group L had a s ig n i f ic a n t ly  g re a te r pre-CS ra te  (F=4.85, 
d f= 1 ,22, p<0.05) w ith  31.5 responses per m ln, compared w ith  17.0 f o r  
the o th e rs . Th is  c o n tra s t In  response ra te s  was n o t presen t on the  
la s t  day o f V I 60 t r a in in g  (12 .6  presses/m ln f o r  Group L , and 13.5, 
f o r  the  o th e r  G roups). These data suggest th a t  Group L le a rn t  more 
about th e  CS— >weak shock con tingency ; and so the  context-w eak shock 
a s s o c ia tio n  was s tro n g e r In  th e  anim als w ith  tone— >weak shock 
p a ir in g s ,  as demonstrated by the  r e la t iv e  depress ion  In  le v e r  
p ress in g .
The mean suppression f o r  th e  8 te s t  t r i a l s  o f stage 2 were 0 .41, 
0 .42 , and 0.38 f o r  Groups S u rp r is e , Expected and L ig h t  re s p e c t iv e ly ;  
as would be expected, these f ig u re s  d id  not d i f f e r  s t a t i s t i c a l l y  
(F<1), when analyzed w ith  a Groups *  T r ia ls  ANOVA. Thus th e re  was no 
evidence f o r  d iffe re n c e s  In  c o n d it io n in g  to  the  s tro n g  shock. The 
e f fe c t  o f  T r ia ls  was a lso  n o n -s lg n lf  le a n t (F<1); so th e re  was no
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evidence from  the  Kamln suppression r a t io s  o f any le a rn in g  d u r in g  the  
two te s t  days. However, a n a ly s is  o f the  pre-CS ra te s  (13 .5 , 11.6, and
17.2 p resses/ mln f o r  Groups S u rp rise , Expected and L ig h t  
re s p e c t iv e ly )  In d ic a te d  a s u b s ta n tia l and steady re d u c tio n  In  ra te s  
d u r in g  the  pre-CS p e rio d s , from  a mean o f 24.0  In  the  f i r s t  pre-CS 
period  down to  9 .5  In  the  la s t  ( e f fe c t  o f T r ia ls ;  F=7.7, d f=7 ,147, 
p<0.0001). There fore  the  c o n d it io n in g  o f the  s tron g  shock appeared to  
accrue p r im a r ily  to  th e  co n te x t f o r  a l l  groups.
The s im p les t reason f o r  co n te x t c o n d it io n in g , b u t no tone-shook 
le a rn in g . Is  th a t  the  tone was I n s u f f ic ie n t ly  s a l ie n t ,  even when novel 
as In  Group L . H a ll and Pearce used a 4 kHz tone a t  85 dB, whereas I  
employed a tone o f 3.11 kHz a t  79 dB, w ith  a background sound le v e l o f 
66 dB. I t  Is  hard to  assess the  sa lie n ce  o f t h e i r  tone , as we do no t 
know the  d iffe re n c e  between background and s tim u lu s  In te n s ity .  B u t, 
In  H a ll and Pearce 's 1979 paper, they repo rte d  a background va lue  o f 
53 dB; I f  In  the  la t e r  experim ent they had a s im ila r  le v e l,  then  t h e i r  
tone was 32 d e c ib e ls  above background, and ours was o n ly  13. T h is , 
Indeed, would account f o r  th e  r a d ic a l ly  d i f fe r e n t  re s u lts .
CQPQlusloa " '
ÎAgain I  have fa i le d  to  produce a s a t is fa c to ry  le a rn in g  curve f o r  j
stage 2. This tim e , th e  problem Is  p r im a r ily  due to  fe a r  acc ru in g  to
the  co n te x t ra th e r  than to  th e  to n e . T he re fo re , these fa i lu r e s  to  i
re p l ic a te  H a ll and Pearce (1982) cannot be taken as evidence a g a in s t |





LOOKING FOR US AND CS ASSOCIABILITY CHANGES 
AS A FHNCTION jQE WELL THEY ARE PREDICTED
According to  Pearce and H a ll (1980), a CS th a t  is  fo llo w e d  by 
e n t i r e ly  p re d ic ta b le  events w i l l  lo se  a s s o c la b l l l ty .  In  t h is  chap te r, 
I  In v e s t ig a te  the  converse p o s s ib i l i t y :  do E2s lo se  a s s o c la b l l l ty
when they are  e n t i r e ly  p re d ic te d  by preceding events? In  the  nex t 4 
experim ents, th e  E2 Is  an US, and In  the  5 th  and la s t  experim ent o f 
t h is  chap te r, the  E2 Is  a CS. But f i r s t ,  a p i lo t  study Is  b r ie f ly  
described , which looked f o r  s u ita b le  l i g h t  s t im u l i .
EXPERIMENT PILOT 
A p i lo t  s tudy was used to  f in d  2 l i g h t  s t im u l i  w hich 
produced e f fe c t iv e  and comparable c o n d it io n in g . A lthough 
o n ly  one l i g h t  Is  re q u ire d  f o r  t h is  experim ent, 2 were 
re q u ire d  f o r  th e  fo llo w in g  one.
MfifchOd
S u b je c ts : 12 r a ts  from  Experiment 1 were used, w ith  the
r e s t r ic te d  feed ing  regime rem ain ing in  fo rc e .  So the  ra ts  
had p rev ious experience o f a tone , and a 0 .5 mA, 0.5 sec 
shock.
Apparatus: As used In  Experiment 2.
Procedure: The 12 r a ts  were randomly assigned to  be
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presented w ith  a ra p id ly  f la s h in g  h o u s e llg h t (100 msec on,
100 msec o f f ) ,  o r the  s lc w ly  f la s h in g  l e f t  and cen tre  panel 
l ig h t s  (on f o r  2 sec, o f f  f o r  200 msec). Both la s te d  60 
seconds. H a lf the  anim als In  each group were g iven  a 0.4 
mA, 0.5 sec shock a f te r  each t r i a l ,  th e  re s t  rece ived  a 0.5 
mA, 0.5 sec shock. There were 4 t r i a l s  per day f o r  2 days.
Throughout t h is  p i lo t ,  th e  V I 30 sec schedule f o r  food 
continued to  o pe ra te .
Results
On the  ve ry  f i r s t  t r i a l ,  the  f la s h in g  h o u se llg h t 
produced a mean suppression r a t io  o f  0.26 (standard 
d e v ia t io n , 0 .1 2 ), and the  panel l ig h t s ,  0.15 ( s .d .= 0 .11 ).
The mean suppression f o r  day 2 was 0.22 ( s .d .=0.15) f o r  the  
h o u s e llg h t, and 0.29 ( s .d .=0.20) f o r  the  panel l ig h t s .
T he re fo re , the  two s t im u l i  engender app rox im ate ly  the same 
c o n d it io n in g , a lthough  the  panel l ig h t s  appeared to  produce 
s l ig h t ly  g re a te r uncond itioned  suppression. On day 2 , the  I
/ / I
0.5 mA shock e l ic i t e d  a mean suppression r a t io  o f 0.20 ,
'
( s .d .= 0 .15 ), and the  0 .4  mA shock 0.30 ( s .d .= 0 .20 ). So both  /r J
'
these In te n s it ie s  seem reasonable . In  view o f these 1r e s u lts ,  I  used the  panel l ig h t s  f o r  Experiment 4, and both  j
th e  panel and h o u s e llg h t f o r  Experiment 5. The 0.4  mA shock !




The f i r s t  experim ent in  t h is  chap ter in v e s tig a te d  the  e f fe c t  o f 
an unexpected, u n s lg n a lle d  shock p re s e n ta tio n  on the  a s s o c la b l l l ty  o f  
the  shock, a f te r  I t  had been w e ll p re d ic te d  by a CS f o r  many t r i a l s .
I ,  a ls o . In v e s tig a te d  another po ss ib le  e f fe c t .  One 
In te rp re ta t io n  o f u p s h if t  and dow nsh ift unb lock ing  Is  th a t  the  events 
fo llo w in g  the  f i r s t  shock become unp re d lc ted . W ith  u p s h if t  
u nb lock ing , th e re  Is  the  s u rp r is in g  occurrence o f an a d d it io n a l shock 
on compound t r i a l s ;  and w ith  dow nsh ift unb lock ing , the  p re d ic te d  
second shock Is  unexpected ly om itted  on compound t r i a l s .  So,
accord ing  to  a P e a rce -H a ll-typ e  account, the  a s s o c la b l l l ty  o f  the  
f i r s t  shock may Increase , thus le a d in g  to  fa s te r  a s s o c ia tiv e  le a rn in g . 
In  o rde r to  lo o k  f o r  t h is  p o s s ib i l i t y ,  a second Id e n t ic a l shock was 
presented 10 seconds a f te r  the  unexpected, u n s lg n a lle d  shock.
As shown In  Table 8 , a l l  su b jec ts  were g iven  extens ive
l i g h t — >shock t r a in in g .  Then one group rece ived  one shock— >shock 
t r i a l ,  designed to  increase the  a s s o c la b l l l ty  o f the  shock; a second
group m erely had 2 fu r th e r  l i g h t — >shock p a ir in g s .  The p u ta t iv e
a s s o c la b l l l ty  change was te s te d  by the  ra te  o f c o n d it io n in g  to  a tone .
Method.
S u b je c ts : • A t the  s ta r t  o f th e  experim ent, th e  16 e xp e rim e n ta lly  na ive 
su b je c ts  had a mean w e igh t o f  295 g (range 242-333 g ) ;  they were then 
g iven  l im ite d  access to  food a f te r  t h e i r  d a l ly  experim enta l sess ions, 
to  m a in ta in  t h e i r  w e igh t a t  85$ o f t h e i r  I n i t i a l  w e ig h t. One gram per
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TABLE 8: DESIGN OF EXPERIMENT 4
Btage 1 Stage 2 stage 3
52 t r  2 Shocks 12 t r
Group P L->8h L->Sh, L->Sh T->Sh
Group N :  . L->Sh Sh->Sh T->Sh
Key; L = l i g h t ,  T = tone , Sh = shock,
P = p re d ic te d , N = n o n -p re d lc te d , t r  = t r ia ls ,
day was added, to  t h is  ta rg e t  w e igh t to  a llo w  fo r  grow th . 
A ppara tus; As used In  Experiment 2.
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Procedurer  A f te r  magazine and le v e r  t r a in in g ,  a l l  subsequent sessions 
Invo lved  a  71.^  60 second schedule f o r  one hou r. There was one day w ith  
4 tone a lone t r i a l s .  Then f o r  stage 1, th e re  were 13 days, w i th  4 
p ré se n tâ t lo n /d ay  o f a l i g h t  CS (th e  l e f t  and cen tre  panel l i g h t s  
f la s h in g  on f o r  2 sec and o f f  f o r  200 msec), and Im m ediate ly fo llo w e d  
by va shook o f  .0# 4 .mA and .0 ,5  sec. 3hen th e  anim als were s p l i t  in to  2 
groups matched on the  bas is  o f th e  t o t a l  number o f  le v e r  presses on 
"the V : la a t  l i g h t — >shock day. Throughout" these experim ents, m atch ing i 
u s u a lly :  Invo lve d  ra n k in g  th e  anim als f o r  suppression  (o r  b a s e lin e
response r a te ) ,  w ith  one group c o n s is tin g  o f the  anim als ranked
1 ,4 ,6 ,7 ,9 ,1 2 ,1 4  and 15, and the  o th e r group ranked 2 ,3 ,5 ,8 ,1 0 ,1 1 ,1 3  
and 16. Thus, bo th  groups have a mean rank o f 8 .5  and standard 
d e v ia t io n  o f  4 .6 .
On the  next day ( le ,  stage 2 ) ,  Group S (S u rp r is e ) rece ived  one 
u n s lg n a lle d  double shock (two 0.4  mA, 0 .5  sec shocks separated by 10 
seconds), w h ile  Group E (Expected) rece ived  two more l i g h t — >shock
t r i a l s .  There were then two base line  recovery  days, fo llo w e d  by 4
te s t  days (stage 3) In  which 2 tone— >shock p a ir in g s  were g iven  on the
f i r s t  two days, and 4 tone— >shock p a ir in g s  were g iven  on the  la s t  2 
days.
Results and D iscuss ion  
The mean suppression r a t io  f o r  the  4 tone pre-exposure t r i a l s  was 
0 .49 , w ith  o n ly  one r a t  averag ing  le s s  than 0 .40 . Thus, th e re  was 
l i t t l e  uncond itioned suppression to  the  tone , over the  day as a whole.
On day 13 o f the  l i g h t — >shock procedure, the  mean suppression 
r a t io  was 0*03 (0 .04  f o r  Group S, and 0.02 f o r  Group E: so th e re  was
l i t t l e  and no s ig n if ic a n t  d iffe re n c e  between the groups (F<1). On 
t h is  day, th e  pre-CS ra te  o f le v e r  p ress ing  was 14.9 f o r  Group S and
14,3 per m ln f o r  Group E. On the  two base line  recovery  days, the  
comparable scores were 12.0 and 14.2 re s p e c t iv e ly .  This s l ig h t  
d if fe re n c e , a lthough In  the  d ire c t io n  expected f o r  co n te x t 
c o n d it io n in g  to  the  u n s lg n a lle d  shock In  Group S u rp ris e , was not 
s ig n if ic a n t  (F=1.6, d f= 1 , l4 ,  p> 0 .2 ).
Data f o r  the  stage 3 can be seen In  F igu re  2 . Both groups s ta r t  
w ith  suppression r a t io s  c lo se  to  0 .5 , and end a t  about 0 .3 -0 .4 . When
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FIGURE 2. Experiment 4# Group mean suppression 
ra t io s  fo r the 12 tone— >shock t r i a l s  of  stage 3.
aixalyzed..-ln .b lo c k s -x>f 2 t r i a l s ,  th e re  was ,a s ig n if ic a n t  B locks e f fe c t  
d f=5,69, p < 0 .0 1 )i in d ic a t in g  c o n d it io n in g : a lthough  the  f i n a l
suppress ion  r a t io s  were n o t p a r t ic u la r ly  low . There is  a s l ig h t  
suggestion  o f a ca'oss-over, w ith  Group S i n i t i a l l y  le s s  suppressed, 
and end ing up more suppressed than Group.E; bu t the  Groups •  B locks 
in te r a c t io n  was n o t s ig n i f ic a n t  (F = 1 .2 ), nor was the  e f fe c t  o f  Groups 
( F < 1 ) .
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*  The design o f the  experim ent was suggested d u rin g  d iscu ss io n  w ith  
Dr G eoff H a ll,  to  whom the  au tho r is  most g ra te fu l.
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cpncluslan
There was no s ig n  o f any group d iffe re n c e  in  a c q u is it io n  o f the  
tone— >shock a s s o c ia tio n . The on ly  problem w ith  accep ting  the  n u l l  
hypo thes is , is  the  poor le v e l o f c o n d it io n in g . However, the  next 
experim ents lo o k  f o r  shock a s s o c ia b i l i ty  changes w h ile  em ploying a 
d i f fe r e n t  procedure. j
EXPERIMENT 5
Experiment 4 employed ju s t  one s u rp r is in g  double shock episode, 
in  an a ttem pt to  increase the  shock 's  a s s o c ia b i l i ty .  This is  s im ila r  
to  H a ll and Pearce 's (1982) approach o f us ing ju s t  2 tone o n ly  t r i a l s ,  
to  increase the  to n e 's  a s s o c ia b i l i ty .  In  t h is  experim ent, an 
a lte rn a t iv e  s tra te g y  is  used; one group is  g iven  many t r i a l s  in  which I
the  shock is  w e ll p re d ic te d , and another group is  g iven many t r i a l s  in
which the  shook is  p o o rly  p re d ic te d . According to  a M ackin tosh-type ^"1argument, the  w e ll p re d ic te d  shock w i l l  have h ig h e r a s s o c ia b i l i ty  than
the  p o o rly  p re d ic te d  one; b u t a P e a rce -H a ll-type  a n a ly s is  in d ic a te s  :>|
the  o p p o s ite .
The design fo r  th is  experim ent is  shown in  Table 9 * . A l l  r a ts
were g iven  prolonged stage 1 t r a in in g .  W ith  the  p re d ic t iv e  r e la t io n  [
- ^(Group P ), th e  shook always fo llo w e d  one o f the  two l i g h t  s t im u l i ,  and |
never came a f te r  the  o th e r s t im u lu s . W ith  the  n o n -p re d ic t iv e  r e la t io n  4
TABLE 9: DESIGN OF EXPERIMENT 5
Stage 1 Stage 2
(52 t r i a l s )  (8 t r i a l s )
Group. P .. L I —^Sh, L2 T—^Sfa
Group N L I—)Sb—+, L2—^Sh—+ T—^Sh
Key: L I = 1s t l i ^ t  s tim u lu s , L2 = 2nd l ig h t  s tim u lu s , T = tone
Sh = shook, -+ = shook occurs on h a l f  the  t r i a l s .  ^
. (Group. N) a shock fo llcw e d  both l i g h t  s t im u l i  on e x a c tly  50$ o f  
t r i a l s .  So, su b je c ts  in  Group P would know when shocks were coming 
(a t  the  onset o f a l i g h t  s t im u lu s ) ,  bu t Group N would no t knew. Then 
stage 2 in v e s tig a te s  the  p o s s ib i l i t y  o f a d iffe re n c e  in  shock 
a s s o c ia b i l i ty  f o r  the  two groups, as evinced by c o n d it io n in g  to  a tone 
CS.
Method
S u b je c ts : . 16 e x p e rim e n ta lly  na ive r a ts  were used and were s in g ly  
housed, in  the  Psychology Department o f  S t Andrews U n iv e rs ity , a f t e r  
be ing  bought from  OLAC ( 1976) L td . The su b je c ts  weighed between 276 
and 313 grams (mean 296 g ) a t  the  s ta r t  o f the experim ent; they  were
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subsequently m ain ta ined a t  85$ o f t h e ir  fre e -fe e d in g  w e ig h t, by g iv in g  
them the  necessary amount o f food a f te r  each d a i ly  sess ion . The 
i n i t i a l  ta rg e t  w e igh t was increased by one gram each day.
Apparatus; As Experiment 2.
Procedure; A f te r  t r a in in g  th e  su b je c ts  to  le v e r  press fo r  food , a l l  
d a i ly  sessions la s te d  60 m inutes and in vo lve d  a V I 60 schedule. A f te r  
3 days o f b a se lin e  t r a in in g ,  th e re  were 2 days w ith  2 tone a lone 
p re se n ta tio n s  per day ( in  the  16th and 36th m in u te s ). The su b je c ts  
were then  assigned to  groups by m atching f o r  suppression on the  f i r s t  
tone p re s e n ta tio n . There was then one day w ith  4 L I a lone , and 4 L2
o n ly  p re s e n ta tio n s . For h a l f  the  ra ts  in  each group, L I was the  
f la s h in g  h o u s e lig h t, and L2 was the  panel l ig h t s  (v ic e  versa  f o r  the  
o th e r r a ts ) .  The f la s h in g  h o u s e lig h t was on f o r  100 msec and o f f  f o r  
100 msec; and the  panel l ig h t s  cons is ted  o f the  cen tre  and l e f t  panel 
l i g h t s  f la s h in g  on f o r  2 sec, and o f f  f o r  200 msec. As b e fo re , the  
s t im u l i  were on f o r  60 seconds per p re s e n ta tio n . Then th e re  were 13 
f u r th e r  days w ith  4 L I and 4 L2 p re s e n ta tio n s ; f o r  Group P, the  L I 
t r i a l s  were always im m edia te ly  fo llo w e d  by a 0 .4  mA, 0.5 sec shock, 
and the  L2 t r i a l s  were n o t; f o r  Group N, 2 L I and 2 L2 p re se n ta tio n s  
were fo llo w e d  by the  shock, the  o th e r t r i a l s  were n o t fo llo w e d  by the  
shock. The two groups were balanced across boxes, and f o r  the  o rde r 
in  w hich th e i r  d a i ly  sessions were run .
The in te r v a l between th e  onset o f a l i g h t  p re s e n ta tio n  and the  
onset o f the  n ex t l i g h t  p re s e n ta tio n  v a r ie d  in  the  fo llo w in g  sequence? 
4 ,8 ,6 ,7 ,5 ,8 ,9  and 5 m in. The i n i t i a l  tim e de lay was ro ta te d  between 
days, bu t the  o rd e r o f the  sequence was n o t ( ie ,  day Is  4 ,8 ,6 . . ,  day
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2s 8 ,6 ,7 . . ,  e tc ) .  The f i r s t  l i g h t  p re se n ta tio n  per session occurred 
a f te r  2 min p lus  whatever the  sequence d ic ta te d ,  so th a t  th e  la s t  
p re se n ta tio n  always occurred a f te r  the  54th m inu te .
The o rde r o f t r i a l s  was v a r ie d  between days, b u t su b je c t to  the  
c o n s tra in t  th a t  a l l  4 p o s s ib le  t r i a l s  f o r  Group N (L1-->Sh, L2— >Sh, 
L 1 -, L 2 -) occurred once in  the  f i r s t  4 t r i a l s  and once in  the  second 4 
t r i a l s .  The 2 groups rece ive d  the  shocks a t  the  same tim e (a lthou gh  
the  preceding l i g h t  was o fte n  d i f f e r e n t ) .
Then the re  were two stage 2 te s t  days, w ith  the tone CS 
im m ediate ly fo llo w e d  by the  shock fo u r  tim es on bo th  days.
RasuLtg sod. PigousSion
The tone o n ly  t r i a l s  produced a mean suppression r a t io  o f  0.38 
f o r  th e  two t r i a l s  on the  f i r s t  day and 0.52 f o r  th e  second day. Thus 
uncond itioned  suppression to  the  tone was la rg e ly  abo lished  by these 4 
t r i a l s .  Pre-exposure to  th e  two l i g h t  s t im u li  gave mean suppression 
r a t io s  f o r  the  4 t r i a l s  o f 0.56 f o r  the  f la s h in g  h o u s e lig h t and 0.54 
f o r  the  p a n ^  l ig h t s  (and 0.52 and 0.42 re s p e c t iv e ly  f o r  th e  f i r s t  
t r i a l  means). Thus uncond itioned  suppression when averaged was 
m inim als i t  must be po in ted  o u t, however, th a t  these l i g h t  s t im u l i  
produced some ra th e r  rem arkable e f fe c ts ,  w ith  the  appearance o f 
uncond itioned  a c c e le ra t io n  f o r  some s u b je c ts ; on th is  l i g h t  
pre-exposure day, th e re  were 12 occasions ( in v o lv in g  7 an im als) in  
which more than 60 le v e r  presses were made in  one m inu te . A l l  these 
pe riods in vo lve d  l i g h t  p re s e n ta tio n  (7 h o u se lig h t and 5 panel l i g h t s ) ,  
when none o f th e  r a ts  made more than 51 responses in  any o f the  52 one 




On th e  la s t  day o f stage 1, Group P had a mean suppression r a t io  
o f  0.09 f o r  t r i a l s  in  w h ich a shock occurred , and 0.62 f o r  no shock 
t r i a l s .  The comparable va lues were 0.34 (shock t r i a l s )  and 0.33 (no
shock) f o r  Group N. A Group *  C o nd ition  (shock o r no shock) *  T r ia ls  
ANOVA, f o r  t h is  day, showed th e  e f fe c ts  o f C o n d itio n  (F=30, d f= 1 ,14 )
and C o nd ition  *  Group in te ra c t io n  (F=29, d f= 1 , l4 )  both to  be
s ig n if ic a n t  (ps<0.0001). These e f fe c ts  are bo th  due to  the  la rg e  
d iffe re n c e  in  suppression d isp la yed  by Group P on shock and non-shock 
t r i a l s .  No o th e r e f fe c ts  were s ig n if ic a n t  ( a l l  F s< 2 .0 ). C le a r ly  the
s u b je c ts  in  Group P knew on w hich t r i a l s  the  shocks would occur, bu t 
those in  Group N d id  n o t.
The base line  ra te  o f responding was analysed f o r  the  2 tone 
pre-exposure days, the  la s t  2 l ig h t-s h o c k  stage 1 days, and the  2
stage 2 days. Data fo r  th e  pre-CS m inute each t r i a l  were used fo r
stages 1 and 2, w h ile  the  pre-exposure days' data were taken from  the  
same m inutes as the  da ta  f o r  th e  la s t  2 stage 1 days. For Group P, 
the  mean response ra te s  per m inute were 17.6, 24.4 and 24.7 f o r  the  
tone pre-exposure, th e  la s t  2 stage 1 days, and the  stage 2 days, 
re s p e c t iv e ly ;  and 13.9 , 15.9 and 18.0 fo r  Group N. Thus, Group N
appeared to  le v e r  press more s lo w ly  than Group P in  the  pre-CS 
p e rio d s . As th is  m igh t in d ic a te  g re a te r con tex t c o n d it io n in g  in  Group 
N, and so e x p la in  th e  tendency f o r  s low er le a rn in g  d u rin g  stage 2, a 
Groups *  T r ia ls  ANOVA was performed on the pre-CS ra te s  f o r  stage 2 |
days. The e f fe c t  o f Groups was n o n -s ig n if ic a n t  (F=2.0, d f= 1 , l4 ,  t
0 .1<p<0.2 ). I f  Group N had acqu ired g re a te r co n te x t c o n d it io n in g  > j
d u rin g  stage 1, we would expect Group N to  show a decrease in  b a se lin e  .
response ra te s  d u r in g  stage 1 days, r e la t iv e  to  Group P. A Group *  '  ^ j
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C o nd itio n  (tone pre -exposure : la s t  2 stage 1 days) *  Days ANOVA was
perform ed. The e f fe c t  o f Groups (F=4.1, d f= 1 ,14 , p<0.07) and the  
e f fe c t  o f  C ond itions  (F=3.8 , d f= 1,14, p<0.08) both  approached
s ig n if ic a n c e , w h ile  the  Groups *  (Conditions in te ra c t io n  (F=1.1, 
d f= 1 ,1 4 , p>0.3) d id  n o t.  Thus, a lthough th e re  may. be a re a l
d iffe re n c e  in  b a se lin e  ra te s  between groups, th e re  is  no evidence th a t  
t h is  d iffe re n c e  increased w ith  lig h t-s h o o k  t r a in in g ,  and so no 
evidence th a t  Group N gained g re a te r  con tex t c o n d it io n in g  than Group P 
d u rin g  stage 1.
A lthough th e re  was no re d u c tio n  in  base line  response ra te  over 
stage 2 te s t  t r i a l s  (F<1), th e re  were 9 t r i a l s  in  which le s s  than  5 
responses were made in  th e  pre-CS p e rio d . W ith  such low scores on 
these t r i a l s ,  the  data may be ve ry  u n re lia b le .  Indeed, 4 o f these 
t r i a l s  gave suppression r a t io s  o f 0 .0 , 2 gave r a t io s  o f 1 .0 , and f o r  
the  o th e r 3 t r i a l s ,  no r a t io  could be confu ted  w ith  zero responses in  
bo th  th e  pre-CS and CS p e rio d s .
The da ta  o f prim ary in te r e s t  were f o r  stage 2 ; these are  shown 
in  F igu re  3. Averaged over a l l  stage 2 t r i a l s ,  Group P had a mean 
suppression r a t io  o f 0 .31 , and Group N, 0 .41 . Group P appears to  have 
a s teeper le a rn in g  curve  than  Group N. Both o f these obse rva tions  are  
suggestive  o f fa s te r  le a rn in g  in  Group P than N. However, the  e f fe c ts  
o f  Groups (F=3.0, d f= 1 ,14 , p<0.11) and the  Groups *  T r ia ls  In te ra c t io n  
(F=1.g, d f= 7 ,95 , p<0.1) bo th  f e l l  sh o rt o f s ig n if ic a n c e , a lthough  
th e re  was a s ig n if ic a n t  e f fe c t  o f  T r ia ls  (F=8.3, d f= 7 ,9 5 , p<0.001). 
In  t h is  a n a ly s is , the  e f fe c ts  o f T r ia ls  in d ic a te s  the  expected 
increase in  suppress ion , in  both groups, over the  stage 2 t r i a l s ;  
w h ile  the  suggestion  in  F ig u re  3 th a t  ra ts  le a rn  a tone-shock r e la t io n
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FIGURE 3. Experiment 5# Group mean suppression  
r a t io s  fo r the 8 tone— >shock t r i a l s  o f stage 2.
# t e r p r W l o t l ^  ra th e r ,  than non~p red ic tive  llg h t -s h o c k  
p a ir in g s ,  is  n o t borne out s t a t i s t i c a l l y .
CoaclugiOB
, Ï, There was a n o n -s ig n if ic a n t  tendency f o r  a w e ll p re d ic te d  shock 
t o  e n te r  In to  subsequent n o ve l, a sso c ia tio n s  fa s te r  than a shock th a t  
has been p o o rly  p re d ic te d . T h is  has d is t in c t  p a ra l le ls  w ith  the  
M ackintosh : c la im  th a t  n e u tra l s t im u l i ,  .which have been good
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p re d ic to rs ,  have h ig h  a s s o c ia b i l i t y .  I t  a lso  resembles the lea rned  
he lp lessness idea th a t  u n s ig n a lle d , inescapable shocks lead to  
re ta rd e d  le a rn in g .
EXPERIMENT 6
I t  was decided to  repea t Experiment 5, to  te s t  the  tendency o f 
fa s te r  le a rn in g  a f te r  w e ll p re d ic te d  ra th e r  than p o o rly  p re d ic te d  
shocks.
A lthough th e  bas ic  design was the  same (see Table 9 ) , a number o f 
im p o rta n t p rocedura l d iffe re n c e s  were made. There was a suggestion  
th a t  Group N responded s low er in  the  pre-CS periods  than Group P. To 
ensure th a t  th is  was n o t due to  con tex t c o n d it io n in g , two b ase line  
recovery days were g iven  a f te r  stage 1 ; and on ly  two te s t  t r i a l s  were 
g iven  each day, in  stage 2; in  a d d it io n , the  anim als were reduced to  
80% ra th e r  than 85% o f t h e i r  fre e - fe e d in g  w e ig h t. Thus the  anim als 
should be h u n g rie r and have a weaker con text-shock a s s o c ia tio n  d u r in g  
te s t ;  so suppression o f b a se lin e  responding due to  fe a r  should be much 
reduced. These changes should make the  ra ts  m a in ta in  responding in  
the  pre-CS p e rio d s , and so preven t lo s s  o f data  p o in ts :  in  the  la s t
experim ent, 5 stage 2 pre-CS scores were zero . A lso , because the  
f la s h in g  h o u s e lig ^ t produced uncond itioned  a c c e le ra t io n  o f responding , 
another panel l i g h t  was used in s te a d .
Jfe-thod
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S ub jec t8: The 16 e xp e rim e n ta lly  na ive su b jec ts  i n i t i a l l y  had a mean
w e igh t o f  351 g (s tandard  d e v ia t io n , 31 g ) ,  and were then reduced to  
80% o f t h e i r  fre e - fe e d in g  w e i ^ t ,  f o r  the  d u ra t io n  o f the  experim ent.
Apparatus and Proeedure: As Experiment 5 except f o r  the  fo llo w in g .
A l l  shocks used were o f  0 .5  mA in te n s ity ,  and 0 .5  sec d u ra t io n . One 
o f the  l i g h t  s t im u l i  cons is te d  o f the  l e f t  and ce n tre  panel l ig h t s  
f la s h in g  on f o r  2 sec and o f f  f o r  200 msec (as in  Experiment 5 ) ,  the  
o th e r l i g h t  s tim u lu s  was continuous p re s e n ta tio n  o f th e  r ig h t  panel 
l i g h t  ( lo ca te d  above the  le v e r ) .
A f te r  V I 60 t r a in in g ,  th e re  was one tone pre-exposure day, w ith  
fo u r  unaccompanied tone t r i a l s ;  bu t no pre-exposure o f the  l ig h t s .  
The su b je c ts  were then  assigned to  groups by m atching accord ing  to  
base line  ra te s .  Stage 1 cons is ted  o f the nex t 13 days, w ith  
p re s e n ta tio n  o f L I  and L2, as be fo re  (Experim ent 5 ) .  There were then 
2 base line  recovery  days, w ith  2 tone o n ly  t r i a l s  on the  second 
recovery day. Next came 4 stage 2 days, each c o n ta in in g  2 tone-shock 
t r i a l s .
■Eea.ults and D iscuss ion  
On the  la s t  day w ith  o n ly  th e  V I 60 schedule, Group P averaged 
11.6 presses/m in , and Group N, 11 .4 . The i n i t i a l  4 tone pre-exposure 
t r i a l s  produced a mean suppression r a t io  o f 0.49 f o r  Group P, and 0.52 
f o r  Group N; so th e re  was no o v e ra ll uncond itioned  suppression 
produced by th e  tone*
On the  la s t  day o f stage 1 t r a in in g .  Group P had a mean 
suppression r a t io  o f  0 .06 f o r  shock t r i a l s ,  and 0.39 f o r  non-shock 




non-shock t r i a l s ,  A Groups *  C o nd itio n  *  T r ia ls  ANOVA confirm ed th a t  
Group P had mastered t h is  d is c r im in a t io n ,  and Group N had n o t, w ith  
the  Group *  C o nd itio n  in te ra c t io n  being h ig h ly  s ig n i f ic a n t  (F=98, 
d f= 1 ,14 , p<0,0001). The e f fe c ts  o f  Group, and o f  C o nd itio n  were a ls o  
s ig n if ic a n t  (Fs>40, d f= 1 , l4 ,  p<0.0001), f o r  the  same reason. The mean 
pre-CS ra te s  on day 13 o f stage 1 l i g h t  t r a in in g  were 16,0 f o r  Group 
P, and 14.6 f o r  Group N; s t a t i s t i c a l l y ,  they d id  n o t d i f f e r  (F<1), 
a lthough the  d iffe re n c e  is  in  the  d ire c t io n  expected in  term s o f 
c o n te x t— >shock a s s o c ia tio n s .
The mean suppression r a t io s  f o r  the  2 tone on ly  t r i a l s  on the  
second base line  recovery  day were 0.46 and 0.48 f o r  Group P, and 0.47 
and 0.54 f o r  Group N. Thus the  groups d id  no t d i f f e r  in  uncond itioned  
suppression to  th e  to n e , a f te r  t r a in in g  w ith  w e ll p re d ic te d  o r  p o o rly  
p re d ic te d  shocks (F<1). The pre-CS ra te s  were 16.4 presses/m in f o r  1
the  P red ic ted  Group, and 17*3 f o r  the  N on-pred icted Group (F<1). So 
t h is  in s ig n i f ic a n t  d iffe re n c e  is  oppos ite  to  th a t  expected in  terms o f 
a con text-shock a s s o c ia tio n .
As can be seen from  F ig u re  4, th e  re s u lt  o f the  stage 2 te s t  
t r i a l s  is  s u rp r is in g .  Group P d isp layed  g re a te r c o n d it io n in g  on the 
f i r s t  fo u r  t r i a l s ,  bu t then th e re  was a complete c ro ss -o ve r w ith  Group 
N. Group P showed l i t t l e ,  i f  any, suppression on the  la s t  4 t r i a l s ;  
in  f a c t ,  t h is  g ro u p 's  g re a te s t suppression was on t r i a l  2! A Group *
Days *  T r ia ls  ANOVA was perform ed, and s t a t i s t i c a l  a n a ly s is  confirm ed 
the  c ro ss -o ve r, w ith  a s ig n i f ic a n t  Groups » Days in te ra c t io n  (F=3.0, 
d f= 3 ,4 2 , p<0 .05); and a subsequent Scheffe te s t  in d ic a te d  th a t  the
in te ra c t io n  was due to  the  c ro ss -o ve r between t r i a l s  4 and 5. W ith  an 
ANOVA performed on o n ly  the  f i r s t  4 t r i a l s ,  th e re  is  a h ig h ly
-1 
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FIGURE 4. Experiment 6# group mean suppression 
r a t io s  fo r the 8 tone— >shock t r i a l s  of  stage 2.
s ig n i f ic a n t  e f fe c t  o f  Groupa (Ps2D.8, d fs 1 ,1 4 , p<0.0005). However?
when analysed us ing  a l l  8 stage 2 t r i a l s ,  th e re  was no Group 
d if fe re n c e  (F<1). The e f fe c t  o f T r ia ls  (F=2.8, d f= 1 ,14, p> 0 .1 ), and
th e  e f fe c t  o f Days (F=1,6, d f=3,42, p>0.1) d id  no t even approach
s ig n if ic a n c e ;  so th e re  is  l i t t l e  evidence o f le a rn in g  over the  stag® 2 
t r i a l s .  A l l  o th e r  Fs<1,3.
I  l a t e r  found th a t  the ra ts  were n o t re c e iv in g  the  Intended 
In te n s ity  o f  shock. This  waus probably due to  c u r re n t leakage between
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the  m etal bars o f the  f lo o r s .  A lthough I  had been c le a n in g  the  bars ,
so th a t  th e re  was good e le c t r ic a l  con tac t between the  bars and the
r a t ,  I  had no t been c le a n in g  the  ends where the  bars f i t  In to  a 
non-conducting m a te r ia l.  A g radua l accum ulation o f exc re ta  and h a ir  
presumably a llowed some s h o r t - c i r c u i t in g .
The mean pre-CS ra te s  f o r  th e  stage 2 t r i a l s  were 16.9 f o r  the 
P red ic ted  Group and 15.8 presses per min f o r  Group N; these va lues d id  
n o t d i f f e r  (F<1). However, th e  e f fe c t  o f  t r i a l s  was s ig n if ic a n t  
(F=14.8, d f= 1 , l4 ,  p<0.005) w ith  18.0 presses on the  f i r s t  t r i a l  per
day, and 14.7 on the  second. This may suggest th a t  a s ize ab le  amount 
o f c o n d it io n in g  accrued to  the  c o n te x t; o r  a l te r n a t iv e ly ,  th a t  
s a t ia t io n  g ra d u a lly  reduced th e  response ra te  th roughout each sess ion .
A lso , the  Group *  Days In te ra c t io n  was s ig n if ic a n t  (F=3.6, d f= 3 ,42 , 
p<0 .05 ); Group P 's  le v e r  press ra te s  were 17.6, 19.8 , 14.3 and 16.1
fo r  the  4 stage 2 days, compared w ith  17.8, 13.1 16.1 and 16.0 f o r  i
Group N. Using the  Scheffe te s t  i t  was found th a t  the  groups o n ly  j
d i f fe re d  s ig n i f ic a n t ly  on day 2 (p<0 .05 ). This  comparison suggests
th a t  Group N was more a f ra id  o f the  con tex t on day 2 ; I f  th e re  Is  a 
re c ip ro c a l r e la t io n  between c o n d it io n in g  to  the  tone and to  the  
c o n te x t, t h is  would In d ic a te  a g re a te r tone-shock a s s o c ia tio n  In  Group  ^ i
P on day 2. |
For th is  a n a ly s is  to  f i t  w ith  the  hypothesis o f g re a te r shock .4
a s s o c ia b i l i ty  when the  shock has been w e ll p re d ic te d , I  need to  
p o s tu la te  a d iffe re n c e  between tone-shock and con tex t-shock  
a s s o c ia tio n s . O therw ise, we would expect both  a s s o c ia tio n s  to  be 
weaker In  Group N. I  th in k  th e re  Is  a d if fe re n c e . Reduced 
a s s o c ia b i l i ty  should make the  shook le s s  p re d ic ta b le  ( le ,  coming a f te r
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the  to n e ) , bu t ju s t  as p a in fu l;  so th a t  pa in  may be ab le  to  c o n d it io n  
to  the  co n te x t ove r a pe riod  o f tim e .
A lte rn a t iv e ly ,  a lea rned  he lp lessness-type  argument would be th a t  
Group N has le a rn t  th a t  shock is  u n p re d ic ta b le , and so tend to  
a t t r ib u te  the  shock to  the  c o n te x t ra th e r  than the  tone . This l a t t e r  
a n a ly s is  Is  n o t the  same as the  c la im  th a t  a co n te x tu a l a s s o c ia tio n  
b locks le a rn in g  o f the  tone-shock a s s o c ia tio n . Accord ing to  the  
co n tex tua l b lo c k in g  account, the  con text-shock a s s o c ia tio n  causes the  
weaker tone-shook a s s o c ia tio n ; whereas, w ith  th e  lea rned  
he lp lessness-type  approach, the  p rev ious la c k  o f p r e d ic ta b i l i t y  o f the  
shocks' occurrence causes a weakened tone-shock a s s o c ia tio n , which in  
tu rn  causes g re a te r c o n te x tu a l fe a r .
■Conolygloh
The da ta  from  days 1 and 2 o f  stage 2 p rov ide  some evidence f o r  
shock a s s o c ia b i l i ty  be ing g re a te r when the  shocks had been w e ll 
p re d ic te d  ra th e r  than p o o rly  p re d ic te d ; Group P suppressed more to  
the  to n e , and Group N had g re a te r base line  suppress ion . However, 
ta k in g  stage 2 as a whole, th e re  was no conv inc ing  evidence o f
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c o n d it io n in g  a t  a l l  I The aim o f the  next experim ent is  to  remedy t h is  
se riou s  f a u l t .
EXPERIMENT li £ILÛI
This p i lo t  experim ent te s ts  a new l i g h t  s tim u lus* W ith  
the  sensory p re -c o n d it io n in g  experiment (Experim ent 8 ) ,  i t  
is  im po rtan t to  have two l i g h t  s t im u l i  as d is s im ila r  as 
p o s s ib le . As th e  f la s h in g  h o u s e lig h t produced uncond itioned 
and co nd ition ed  a c c e le ra t io n  in  Experiment 4, t h is  had been 
d isca rded . I  was concerned th a t the  two types o f panel 
l i g h t  s t im u l i ,  used in  the  la s t  experim ent, were too  
s im ila r ;  because, on day 4 o f  l i g h t — >shock le a rn in g , the  
unshocked l i g h t  (L2) o f  Group P engendered a mean 
suppression r a t io  o f 0*04. Presumably, t h is  was due to  
s tim u lu s  g e n e ra liz a tio n  between the  two l ig h t s .  T here fo re , 
each Skinner box was f i t t e d  w ith  a s t r ip  l i g h t  on the  w a ll 
oppos ite  to  the  le v e r ,  food t ra y  and panel l ig h t s .  An 
opaque p la s t ic  sheet was f ix e d  in  f r o n t  o f t h is  s t r ip  l i g h t ;  
thus c re a tin g  a d if fu s e  l i g h t  source, ve ry  d i f fe r e n t  from  
the  sm a ll, d is c re te  panel l i g h t s .
The o b je c t o f th is  p i l o t  study was to  see i f  th is  new 
s t r ip  l i g h t  was comparable in  sa lience  w ith  the  combined 
ce n tre  and l e f t  panel l i g h t s .
Method
Sub.iects; 12 r a ts  from  Experiment 3.
Apparatus; As b e fo re , b u t a 22 cm s t r ip  l i g h t  (240 V, 30 W) 
was f i t t e d  to  each box on the  w a ll oppos ite  the  le v e r ,  food
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t ra y  and panel l ig h t s .  The s t r i p  l ig h t s  were w ired  up in  
p a r a l le l to  each o th e r , and in  s e r ie s  w ith  a v a r ia b le  
r e s is to r  (dimmer s w itc h ). Thus, the  v o lta g e  across the  
l ig h t s  cou ld  be v a r ie d , and was se t a t  90 V o lts  f o r  th is  
p i lo t  experim ent. A w h ite  opaque p la s t ic  sheet was f ix e d  in  
f r o n t  o f th is  s t r ip  l i g h t ,  so the  ra ts  had no access to  th is  
l i g h t .
■Procedure! A V I 60 sec schedule o f le v e r  p ress in g  f o r  food 
reward was in  fo rc e  th roughout t h is  p i lo t .  A f te r  3 base line  
recovery days fo llo w in g  Experiment 3» the  su b je c ts  were 
g iven  8, 60 see l i g h t  t r i a l s .  For h a l f  o f the  s u b je c ts , the  
l i g h t  was the  s t r ip  l i g h t ,  co n tin u o u s ly  presented, and fo r  
the  re s t  i t  was the  cen tre  and l e f t  panel l ig h t s  f la s h in g  on 
f o r  2 sec, o f f  f o r  200 msec ( th is  is  the  panel l i g h t ) .  In
stage 1, h a l f  the  ra ts  w ith  both  l ig h t s  were presented w ith
a 0 .2  mA, 0 .5  sec shock im m ediate ly a f te r  each l i g h t  
p re s e n ta tio n ; the  o th e r  anim als rece ived  no shocks. Thus, 
th e re  were 4 groups o f 3 r a ts  ( s t r ip  l i g h t  o n ly , s t r ip  
l i g h t — >shock, panel l ig h t s  o n ly , and panel l i g h t s — >shock). 
There were 7 stage 1 days, w ith  8 l i g h t  p re se n ta tio n s  per
day. In  stage 2 , th e re  were 6 days w ith  2 l ig h t -> 0 .5  mA,
0.5 sec shock t r i a l s  pe r day f o r  a l l  groups; w ith  the  l i g h t  
the  same as f o r  stage 1 in  a l l  groups. However on days 5 
and 6 o f stage 2, th e  s t r ip  l i g h t  was made to  f la s h  (2 sec 
on, 200 msec o f f ) ,  and f o r  anim als w ith  the  panel l i g h t  and 
shock in  stage 1, th e  panel l ig h t s  were new presented 
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By day 4 o f  stage 1, the  nom inal 0 .2  mA shook was n o t 
d e te c ta b le  in  some o f the  boxes. A lthough the  to p  o f the  
g r id  bars had been kept c le a n , the  unders ides, and ends, had 
accumulated r a t  e x c re ta  and h a ir .  That th is  caused c u rre n t 
leakage was con firm ed , as washing a l l  the  g r id  bars
d ra m a tic a lly  Increased the  perceived (by me!) shock
in te n s it ie s .  So, the  p rev ious few experiments probably had 
weaker e f fe c t iv e  shock va lues than nom in a lly  g iven  (as
a lready discussed in  the  la s t  expe rim en t).
On the  la s t  day o f stage 1, the  groups th a t had
rece ived  no shocks, as expected, showed no suppress ion ; the 
s t r ip  l i g h t  anim als had a suppression r a t io  o f  0 .51 , and the  
panel l ig h t s  an im a ls , 0 .50 . The groups w ith  a 0 .2  mA shock 
a f te r  th e  CS had l i t t l e  suppression w ith  the  s t r ip  l i g h t  
(0 .4 5 ), bu t s u b s ta n t ia l suppression in  the  panel l ig h t s
group (0 .1 1 ).
Averaged over days 3 and 4 o f  stage 2, the  s t r ip  l i g h t  
groups had a mean suppression r a t io  o f  0.35 i f  shocks had
occurred in  stage 1, and 0.46 in  the  p re v io u s ly  unshocked
group; averaged over days 5 and 6 the  scores were 0.21 and 
0.18 re s p e c t iv e ly .  For the  panel l i g h t s ,  th e  comparable 
r a t io s  were 0.10 and 0 .34 , then 0.10 and 0.20 f o r  the
p re v io u s ly  shocked and non-shocked animals re s p e c t iv e ly .
Thus i t  appears th a t  the  s t r i p  l i g h t  e l i c i t s  a weaker 
cond itioned  response than the  panel l ig h t s  a f te r  id e n t ic a l 




panel bu t n o t the  s t r i p  l i g h t .  B u t, in  o rd e r to  keep the  
s t im u l i  as d i f f e r e n t  as p o s s ib le , I  d id  no t change t h is .
T he re fo re , the  v o lta g e  across the  s t r ip  l ig h t s  was increased 
from  90 V to  140 V to  make them more s a l ie n t .
In  o rde r to  make the  tone more s a l ie n t ,  I  decided to  
pu lse i t  r a p id ly ,  and use two tone frequenc ies  '
s im u ltaneous ly  (see Experiment 7 f o r  d e ta i ls ) ;  t h is  made the  
tone sound more l i k e  a c l ic k e r .  An a d d it io n a l fo u r  anim als 
from  Experiment 3 had been g iven  4 days w ith  2 tone— >0.5 mA
*. ■’
shock t r i a l s  per day, us ing  th is  new tone . Two o f the  ra ts  
suppressed r a p id ly  (below 0.1 by t r i a l  3 ) ,  one ended up w ith  
moderate suppression (0 .2 7 ), and the  o th e r d id  no t suppress 
(0 .4 9 ). So, a lthough  th e re  was g rea t v a r ia t io n ,  the new \  j
tone appeared to  be s u f f ic ie n t ly  s a l ie n t .  |
EXPERIMENT 1
Group P in  Experiments 5 and 6 (stage 1) had shock c o n s is te n tly  
presented a f te r  one l i g h t  s tim u lu s , bu t never a f te r  ano the r, whereas 
Group N had shock presented a f te r  both l ig h t s  on 50% o f t r i a l s .  In  
bo th  experim ents th e re  was some evidence th a t  a tone-shock r e la t io n  
was le a rn t  fa s te r  i f  the  shock had been b e t te r  p re d ic te d  d u rin g  
t r a in in g .  The problems a lrea dy  c ite d  about Experiment 5 appear to  
have been r e c t i f i e d  in  Experiment 6 . But w ith  Experiment 6 th e re  was 
l i t t l e  in d ic a t io n  o f c o n d it io n in g  d u rin g  8 tone-shock t r i a l s .  This 
was probably due to  c u r re n t leakage d u rin g  p re s e n ta tio n  o f fo o t  shock.
'A
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whîoh would reduce th e  a c tu a l shock In te n s ity  d e liv e re d . So, in  an 
e f f o r t  to  p rov ide  a conv inc ing  dem onstra tion o f a change in  US 
a s s o c ia b i l i ty ,  i t  seems s e n s ib le  to  t r y  a fu r th e r  r e p l ic a t io n .  The 
design is  id e n t ic a l to  th e  one used f o r  the  p rev ious 2 experim ents 
(Table 9 ).
Method
S u b je c ts : 16 su b je c ts  were used w ith  a mean fre e  fe ed ing  w e igh t o f
310 g (standard d e v ia t io n , 17.2 g ) j  and were kept a t  80$ o f t h e ir  f re e  
fe ed ing  w e ig h ts .
A pparatus: As b e fo re , w ith  the  a d d it io n  o f the  22 cm s t r ip  l i g h t  as
described in  the  p i lo t  experim ent. This was in tended to  be as 
d i f f e r e n t  as p o ss ib le  from  th e  panel l ig h t s .  Thus, one l i g h t  was the
s t r i p  l i g h t  (se t a t  140 V ), and the o th e r was the  cen tre  and l e f t
panel l ig h t s  f la s h in g  on f o r  2 sec and o f f  f o r  200 msec. A l l  shocks 
were o f  0 .5  mA in te n s ity  and 0 .5  sec d u ra t io n . The tone s tim u lu s  used 
was a com bination o f the  3.11 kHz square-wave tone a t  85 dB, and a 
1.15 kHz square-wave tone  se t a t  79 dB, g iv in g  a t o t a l  sound pressure 
le v e l o f about 86 dB. This tone m ix tu re  was pu lsed : on f o r  60 msec,
o f f  f o r  40 msec, to  produce a c l ic k e r - l ik e  no ise  w ith  a wide frequency 
spectrum. 8o, the  d i f f e r e n t  fre q u e n c ie s , the  p u ls in g , and the
increased in te n s it y ,  should a l l  make the  tone more s a l ie n t  than
b e fo re .
Procedure: Id e n t ic a l to  Experiment 6, except f o r  th e  fo llo w in g .  The
o n ly  tone pre-exposures were 2 t r i a l s  on the  day im m edia te ly be fo re  
tone— >shock stage 2 t r i a l s .  There were 2 b a se lin e  recovery days 
between stage 1 and the  tone pre-exposure. The groups were run
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s e p a ra te ly ; on a lte rn a te  days, h a l f  o f  Group P was ru n , then h a l f  o f 
Group N, then  th e  o th e r h a l f  o f Group P, f i n a l l y ,  th e  second h a l f  o f  
Group N, and v ic e  ve rsa  f o r  the  o th e r days. The s t r i p  l i g h t  a t  the  
back o f th e  Skinner box was used ins tead  o f the  r ig h t  s tim u lu s  l i g h t .
The s t r ip  l i g h t  was c o n t in u a lly  presented d u rin g  the  60 seconds o f 
each t r i a l  in  which i t  occurred .
Results and D iscussion  
Group P c le a r ly  le a rn t  to  d is c r im in a te  between the  l i g h t  th a t  
preceded the shock (suppression f o r  the la s t  2 days; 0 .14) and the 
o th e r 's a fe *  l i g h t  (0 .4 7 ) ;  bu t Group N cou ld  no t d is c r im in a te  between 
shock (0 .14 ) and no-shock t r i a l s  (0 .1 3 ), as expected, because the  
l i g h t  s t im u li  were no use in  t h is  re sp e c t. A Group *  T r ia ls  *  
C o nd ition  (shock o r no-shock) ANOVA fo r  the  la s t  2 stage 1 days 
confirm ed these d if fe re n c e s , w ith  the  e f fe c ts  o f Group (F=17), and o f 
C o nd itio n  (F=47) and th e  Group *  C ond ition  in te ra c t io n  (F=54) a l l  . 
h ig h ly  s ig n if ic a n t  ( a l l  d fs = 1 ,l4 ,  a l l  ps<0.001). Î
On the  day be fo re  stage 1, when the groups were matched f o r  j
response ra te .  Group P averaged 13.0 le v e r  presses per m in, and Group 
N, 12.2 . B u t, by the  la s t  2 days o f stage 1, the  pre-CS le v e r  press 
ra te s  were 16.1 presses/m in f o r  Group P, and 11.8 f o r  Group N. This 
d iffe re n c e  is  n o t s ig n i f ic a n t  (F=1.6, d f= 1 , l4 ,  p> 0 .2 ), bu t is  in  the  
d ire c t io n  expected; i f  occurrence o f shock is  p o o rly  p re d ic te d  by 
d is c re te  even ts , then a con tex t-shock  a s s o c ia tio n  is  l i k e l y  to  
deve lop; as Group N 's  shocks a re  le s s  w e ll p re d ic te d , we m ight expect 
a g re a te r con tex t-shock  a s s o c ia tio n .
The 2 b a se lin e  recovery  days were analyzed us ing  8 m inutes each
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day correspond ing to  th e  8 pre-CS m inutes on the  la s t  day o f stage 1. 
The mean response ra te  f o r  Group P was 16.5 on the  f i r s t  day, and 19.0 
responses per m inute on th e  second, and 11.5 and 11.9 on the  
re s p e c tiv e  days f o r  Group N. An ANOVA fo r  these 2 days in d ic a te d  a 
s ig n i f ic a n t  Group e f fe c t  (F=4.8, d f= 1 , l4 ,  p<0 .05). Thus, i f  a n y th ing , 
the group d iffe re n c e  was la rg e r  than b e fo re !I  However, an ANOVA 
comparing the  la s t  2 stage 1 days w ith  the  2 b a se lin e  days showed no 
s ign  o f a Group *  C o nd itio n  (s tage 1: base line  days) In te ra c t io n
(F<1); so pre-CS ra te s  were no t s ig n i f ic a n t ly  increased more in  Group 
P than Group N over base line  recove ry  days. On the o th e r hand, the  
expected decrease in  the  d iffe re n c e  between the  2 groups d id  no t 
occu r. This  c o n tra s ts  w ith  Baker ja l (1981) Experiment 2, in  which 
Group L were g iven  8 l i g h t — >shock (1 .3  mA, 0.5 sec) t r i a l s  per day 
f o r  6 days, and alm ost complete recovery o f b ase line  response ra te s  
was observed a f te r  2 base line  recovery  days. Th is  leads us to  suspect 
th a t  the  group d iffe re n c e  in  b a se lin e  ra te  may no t s im p ly  be due to  a 
con tex t-shock  a s s o c ia tio n , as such an a s s o c ia tio n  should e x tin g u is h  
w ith  recovery days.
The 2 tone  o n ly  t r i a l s  f o r  Group P gave mean suppression ra t io s  
o f  0 .42 and 0 .51 , and 0.31 and 0.52 f o r  Group Nj so the  i n i t i a l  
uncond itioned suppression had disappeared by t r i a l  2 . This decrease 
in  suppression was confirm ed as the  e f fe c t  o f t r i a l s  was s ig n if ic a n t  
(F=17.6, d f= 1 , l4 ,  p<0.001). There was no group d iffe re n c e  (F<1).
The re s u lts  o f the  tone-shock t r i a l s  can be seen in  F igu re  5. 
C le a r ly  bo th  groups le a rn t  th e  tone-shock a s s o c ia tio n , as suppression 
s ta r ts  around 0.5 and f in is h e s  around 0.1 ( e f fe c t  o f  t r i a l s ;  F=28.3, 
d f= 7 ,98 , p<0.0001). Thus, the  problem o f poor c o n d it io n in g  in  the
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FIGURE 5. Experiment 7i group mean suppression 
r a t io s  for the 8 tone— >shock t r i a l s  of  stage 2.
l a s t  experim ent has been so lved . There was no Group e f fe c t  (F < 1). 
A lthough  Group P d is p la y s  le s s  suppression (h ig h e r r a t io s )  than  Group 
N on th e  f i r s t  3 t r i a l s ,  and g re a te r  suppression th e re a f te r ,  t h is  
c ro ss -o ve r was no t s ig n i f ic a n t  (Group •  T r ia ls  in te r a c t io n :  F=1,8 ,
d f= T ,9 8 , psO .11).
Over these stage 2 t r i a l s ,  th e  mean. pre-CS ra te  f o r  Group P was 
17.1  presses per m in, and 12.7 f o r  Group N (e f fe c t  o f  Groups: F=4.4,
d f= 1 , l4 ,  psO.056) .  The d i f fe r e n c e - in  pre-CS ra te s  between the  groups
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have changed l i t t l e  from  the  end o f stage 1, when the  response ra te s  
were 16 ,1 , and 11.8 re s p e c t iv e ly .  Th is  g ives fu r th e r  credence to  the  
view th a t  t h is  group d if fe re n c e  ( i f  r e a l)  i s  no t due to  a t r a n s ito ry  
con tex t-shock  a s s o c ia tio n .
There is  a n o n -s lg n lf lc a n t  tendency f o r  Group P to  le a rn  fa s te r  
than Group N, w ith  a c ro ss -o ve r in  the  mean suppression r a t io s  (F igu re  
5) bu t the  evidence is  poor.
Conclusion to  Experim ents 5, 6 and 7
These la s t  3 experim ents have a l l  g ive n  te n ta t iv e  in d ic a t io n s  
th a t a w e ll p re d ic te d  shock has h ig h e r a s s o c ia b i l i ty  than a p o o rly  
p re d ic te d  shock. Perhaps th is  design produces a sm all d if fe re n c e  in  
shock a s s o c ia b i l i ty  which is  to o  t in y  to  produce s ig n if ic a n t  group 
d if fe re n c e . T he re fo re , i t  may be w o rth w h ile  doing fu r th e r  experim ents 
th a t  a re  designed to  produce a g re a te r a s s o c ia b i l i ty  d if fe re n c e . One 
obvious p o s s ib i l i t y  is  to  use more l i g h t  s t im u l i ,  I  have employed 
fo u r  l ig h t s  a t  v a r io u s  tim es in  these experim ents: a f la s h in g
h o u s e lig h t, a continuous r ig h t  panel l i g h t ,  s lo w ly  f la s h in g  l e f t  and 
cen tre  p a n ^  l ig h t s ,  and a continuous s t r ip  l i g h t .  I f  one group was 
g ive n  shocks o n ly  a f te r  one o f  these l ig h t s ,  and another group had a 
23% chance o f shock a f te r  each l i g h t ,  then th e re  would be a b ig g e r 
d iffe re n c e  between w e ll and p o o rly  p re d ic te d . Hence a g re a te r 
d if fe re n c e  in  a s s o c ia b i l i t y ,  i f  t h is  reason ing  is  c o r re c t.
The idea o f b lo c k in g  p rov ides an a lte rn a t iv e  e x p la n a tio n  f o r  
Group P le a rn in g  the  tone-shock a s s o c ia tio n  fa s te r  than Group N. In  
t h is  a n a ly s is , d u r in g  l i g h t — >shook t r a in in g ,  Group N acqu ires  a 
g re a te r con text-shock a s s o c ia tio n , as the  l ig h t s  a re  r e la t iv e ly  poor
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p re d ic to rs  o f the  shock. Subsequently, th is  con text-shock a s s o c ia tio n  
b locks  a c q u is it io n  o f the  tone-shock a s s o c ia tio n . However, 
Experiments 5 and 6 showed no s ign  o f a g re a te r con tex t-shock  
a s s o c ia tio n  in  Group N. In  Experiment 7, the  pre-CS ra te  dec lin ed  in  
Group N r e la t iv e  to  Group P, d u r in g  l i g h t — >shock t r a in in g ;  bu t t h is  
group d iffe re n c e  d id  no t e x t in g u is h  w ith  con tex t e x t in c t io n .  Thus, 
the  co n tex t b lo c k in g  account does no t even p rov ide  a ready e xp la n a tio n  
fo r  the  pre-CS ra te s  o f Experiment 7 .
EXPERIMENT h.
Experiment 8 was s im ila r  in  p r in c ip le  to  Experiments 5, 6 and 7 :
an event in  one group always fo llo w e d  one o f two d is t in c t  l ig h t s ,
whereas in  another group the  event fo llo w e d  both  l ig h t s  on 50% o f 
occasions. In  Experim ents 5, 6 and 7 , the  event was a b r ie f  e le c t r ic  
shock; and th e re  was some, bu t in c o n c lu s iv e , evidence th a t  shock 
a s s o c ia b i l i ty  was g re a te r  i f  i t  had been w e ll p re d ic te d , than i f  i t  
had been p o o rly  p re d ic te d . In  t h is  experim ent, the  event under 
c o n s id e ra tio n  is  a to n e : see stages 1 and 2 o f  Table 10.
Thus i f  the  to n e 's  a s s o c ia b i l i ty  is  m ainta ined by being w e ll
p re d ic te d , we would expect Group P to  show fa s te r  tone— >shock 
le a rn in g  than Group N. In  the  unpaired tone group (Group U), the  tone 
is  no t p re d ic te d  a t a l l ,  o r  on ly  weakly by the  c o n te x t, so we would 
expect t h is  group to  le a rn  the  tone— >shock a s s o c ia tio n  the  s low est.
In  stage 1, L2 f o r  Group P is  always presented on i t s  own, so
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TABLE 10; DESIGN OF EXPERIMENT 8
Stage 1 Stage 2 Stage 3
Group P L1->T, L2, T->Sh L2->Sh
Group N L1->1/2 T, L2->1/2  T T->Sh L2->Sh
Group Ü T, L1->L2 T->8h L2->Sh
Key: L I = f i r s t  l i g h t ,  L2 z second l i g h t ,  Sh z shock, 
T z tone , 1/2 T z tone on h a l f  the  t r i a l s .
should undergo the normal CS pre-exposure e f fe c t ;  bu t L2 f o r  Group Ü 
is  always preceded by L I ,  so Group ü should sbw  fa s te r  le a rn in g  than 
Group P o f the L2— >shock a s s o c ia tio n  in  stage 3 (Lubow, Schnur and 
R ifk in ,  1976).
Method
S u b je c ts : 24 e x p e rim e n ta lly  na ive ra ts  were used, and were reduced to
80% o f t h e i r  i n i t i a l  f re e  fe ed ing  w e igh t (mean, 391 g ; standard 
d e v ia t io n  30 g ) .
Apparatus; The apparatus and s tim u lus  parameters were a l l  id e n t ic a l 
to  those used in  Experiment 7*
F rocedure ; A f te r  the  usual le v e r  press t ra in in g ,  a l l  sessions la s te d  
60 m in and inc luded  le v e r  p ress ing  on a V I 60 sec schedule . There
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were 8 days o f le v e r  p ress ing  o n ly , a t  the  end o f which the  ra ts  were 
d iv id e d  in to  3 groups matched f o r  number o f le v e r  presses in  the  la s t  
V I 60 sess ion . T h is  was fo llo w e d  by 12 days o f stage 1 t r a in in g ,  then  
4 stage 2, and 4 stage 3 days. In  stage 1, th e re  were 4 t r i a l s  per 
day, w ith  each o f the  t r i a l  types g iven  in  Table 10 o c c u rr in g  once. 
D uring stage 2, th e re  were 2 tone— >shock p re se n ta tio n s  per day, in  
the  22nd and 42nd m inu tes ; and s im i la r ly ,  2 l ig h t ( L 2 ) — >shock p a ir in g s  
per day f o r  stage 3.
Suppression r a t io s  f o r  s t im u l i  which fo llo w e d  another s tim u lu s  
were ca lc u la te d  us ing  the  60 seconds be fo re  the  onset o f the  f i r s t  
s tim u lu s  as the  pre-CS p e rio d .
Beaults and. D.is.cugsion
On i n i t i a l  stage 1 t r a in in g  days, a l l  groups showed some
suppression to  the  l i g h t  s t im u l i ,  which g ra d u a lly  d e c lin e d ; and by day 
12 th e re  was no suppression to  any s tim u lu s  in  any group (th e  means 
ranged from  0.46 f o r  L2 in  Group P, to  0.54 f o r  th e  tone , a ls o , in  
Group P ). Only one a n a ly s is  was done on th is  d a ta : in  Group P the
suppression d isp layed  to  L I was compared w ith  the  suppression
d isp layed  to  L2. On days 1 and 2, th e  mean suppression to  L I was 
0 .33 , and 0.38 f o r  L2; and 0.37 f o r  L I ,  and 0.43 f o r  L2 on days 3 and
4. There was g re a te r suppression to  L1 than L2, on days 1 and 2
( t [7 ]= 2 .6 ,  p<0.05, c o rre la te d  t - t e s t ) .  The same was tru e  f o r  days 3
and 4 ( t [73=2.7, p< 0 .05 ). I t  has been argued (Kaye and Pearce, 1984a) 
th a t  f o r  n e u tra l s t im u l i  unassoeiated w ith  USs, suppression r a t io s  a re  
a measure o f th e  process ing  a ffo rd e d  to  the  s t im u l i .  I f  th is  is  t ru e ,  
in  Group P, L I was being processed more than L2, perhaps because L I
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was p ro tec te d  from  the  normal CS pre-exposure e f fe c t  by be ing fo llo w e d  
by L2 (see Lubow, Schnur and R ifk in ,  1976).
The pre-CS ra te s  f o r  the  la s t  2 stage 1 days were s u b je c t to  a 
Groups *  Days *  T r ia ls  ANOVA, There was no d iffe re n c e  in  o v e ra ll
pre-CS ra te s  between the  Groups (F=1.1, d f= 2 ,2 1 , p> 0 .1 ), w ith  Group P 
making 23.8 responses pe r m in. Group N, 18.5, and Group U, 17.2. 
However, the  e f fe c t  o f  Days (F=5.0, d f=1 ,21 , p<0.05) and the  e f fe c t  o f  
T r ia ls  (F=8.0, d f= 3 ,6 3 , p<0.0005) were both  s ig n i f ic a n t .  I  have no
idea w ty the re  was a d iffe re n c e  between the  2 days, bu t the  e f fe c t  o f 
t r i a l s  is  p robab ly  due to  s a t ia t io n  as the  means f o r  the  4 t r i a l s  were 
20 .3 , 22 .5 , 19.3, and 17.2 responses/m in re s p e c t iv e ly -  None o f the 
in te ra c t io n s  were s ig n i f ic a n t  (Fs<1.9, ps>0 .1 ).
In  stage 2 , the  pre-CS ra te s  were 23.8 f o r  Group P, 18.2 f o r  
Group N, and 16.8 responses per min f o r  Group Ü, and these ra te s  d id  
n o t d i f f e r  s ig n i f ic a n t ly  (F=1.5 , d f= 2 ,2 1 , p> 0 .1 ); bu t th e re  was a
s ig n if ic a n t  e f fe c t  o f T r ia ls  (F=17, d f= 1 ,21 , p<0.001) w ith  an average 
o f 22 .0  presses/m in on the  f i r s t  t r i a l  o f  each day, and 17.2 on the  
second. Judging from  the  t r a in in g  days, t h is  d iffe re n c e  was probably 
p a r t ly  due to  s a t ia t io n ;  bu t g re a te r fe a r  o f the  c o n te x t, a f te r  the
f i r s t  shock each day, cou ld  a ls o  be a fa c to r .  There was no Days' 
e f fe c t  (F<1); and f o r  a l l  In te ra c t io n s  F<1.4.
Of most in te r e s t  a re  th e  suppression r a t io s  f o r  the  tone-shock
t r i a l s  o f stage 2 ; these a re  d isp layed  in  F igu re  6. As expected, the  
e f fe c t  o f Days was h ig h ly  s ig n if ic a n t  (F=28, d f= 3 ,6 l,  p<0.0001)
in d ic a t in g  th a t a l l  groups le a rn t  the  tone-shock a s s o c ia tio n . The 
o v e ra l l means f o r  the  3 groups were ve ry  s im ila r :  0 .32  f o r  Group P, 
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FIGURE 6. Experiment 8# group mean suppression 
r a t i o s  for the 8 tone— >shock t r i a l s  of  stag© 2.
th e re  Is  a suggestion  o f  fa s te r  c o n d it io n in g  in  Groups P and Ü, than
Group N. However, th e  Groups *  Days in te ra c t io n  was no t s ig n i f ic a n t
(F=1.7 f d f= 6 ,6 l,  p > 0 .1 ).~  The d if fe re n c e  between Groups P and N a re  as 
p re d ic te d  from  the  r e s u lts  o f Experim ents 5» 6 and 7» b u t Group U i s  
anomalous. For Group U, th e  tone has always been presented on i t s  
own, so th a t  i t  should have decreased in  a s s o c ia b i l i ty  more than in  
the  o th e r  2 groups. Thus the  ra p id  c o n d it io n in g  in  Group Ü is




Rudy, K ra u te r and G a f fu r i (1976) th a t  p re s e n ta tio n  o f a d i f f e r e n t  CS 
can a tte n u a te  the  normal CS pre-exposure e f fe c t .
In  Experiment 5, t r i a l s  w ith  le s s  than f iv e  pre-CS responses 
produced h ig h ly  v a r ia b le  da ta . So, fu r th e r  a n a ly s is  was undertaken to  
see i f ,  in  the  p resen t experim ent, v a r ia b i l i t y  due to  low pre-CS ra te s  
was masking genuine group d iffe re n c e s . The tw e lve  data p o in ts  th a t  
had le s s  than f iv e  pre-CS responses were tre a te d  as m iss ing  da ta  ( s ix  
o f these were n e c e s s a r ily  m iss ing  da ta , w ith  zero responses in  both  
pre-CS and CS p e r io d s ) . Th is  ANOVA in d ic a te d  group means very s im ila r  
to  b e fo re : Group P, 0 ,32 , Group N, 0 .40 , and Group Ü, 0 .32 , A lso ,
th e  Days’ e f fe c t  was e q u a lly  s tro n g  (F=33). This tim e the  Group *  
Days In te ra c t io n  was s ig n i f ic a n t  (F=2.4, d f= 6 ,6 l,  p< 0 .05 ); as was the  
Days *  T r ia ls  in te ra c t io n  (F=2.8, d f= 3 ,6 l,  p<0 .05). A Newman-Keuls
post hoc a n a ly s is  o f the  Group *  Days in te ra c t io n  showed s ig n if ic a n t  
d iffe re n c e s  between Groups P and N on day 2 (p=0.01) b u t n o t on day 3 
(p=0.053), and between Groups Ü and N on day 3 (p=0.004). T he re fo re , 
i t  looks as i f  Group N is  th e  s low est to  le a rn  th e  tone-shock 
r e la t io n .
In  stage 3, o n ly  Groups P and Ü were compared. F a s te r le a rn in g  
in  Group Ü would s u g ^ s t  th a t  the  a s s o c ia b i l i ty  o f  L2 was p ro tec te d  by 
always fo llo w in g  L I ( in  stage 1 ). However, the  e f fe c t  o f Groups, and 
the  Group *  Days in te ra c t io n  were both  n o n -s ig n if ic a n t  (Fs<1).
Conclusion
Once aga in , th e re  is  some evidence fo r  the  hypo thes is  th a t  a w e ll 
p re d ic te d  event e n te rs  in to  a sso c ia tio n s  fa s te r  than a p o o rly  




oonolude th a t  a more s e n s it iv e  experim ent should be devised be fo re  
choosing between the  M ackin tosh-type hypo thes is , and the  n u l l  
hypo the s is . One th in g  a t  le a s t  is  c le a r :  th e re  has been no support
f o r  the  P e a rce -H a ll-typ e  p re d ic t io n  th a t  le s s  w e ll p re d ic te d  events 
e n te r  in to  subsequent a s s o c ia tio n s  fa s te r .  L ike  th e  o th e r th e o r ie s , 
Wagner’ s (1978) is  unable to  e x p la in  why Group Ü le a rn t  the  tone-shock 
a s s o c ia tio n  so f a s t .  However, he can e a s ily  account f o r  Group P 
le a rn in g  fa s te r  than Group N: in  stage 1, the  tone is  le s s  w e ll
p re d ic te d  in  Group N, so a g re a te r  con tex t-shock  a s s o c ia tio n  deve lops; 
in  stage 2 , t h is  a s s o c ia tio n  b locks le a rn in g  about the  tone-shock 
r e la t io n .
M  ALTERNATIVE APPROACH
A p i l o t  study was performed to  g ive  an idea o f the  
f e a s ib i l i t y  o f ,  and parameters needed f o r ,  an a lte rn a t iv e  
experim enta l design to  seek p u ta t iv e  shock a s s o c ia b i l i ty  
changes. The approach, here , is  to  lo o k  f o r  the  
a s s o c ia b i l i ty  o f  uncond itioned s t im u l i  us ing  
c la s s ic a l- in s tru m e n ta l t ra n s fe r ,  as se t ou t in  Table 11.
Thus th e  a b i l i t y  o f  a r a t  to  d e te c t a response-shock 
a s s o c ia tio n  may va ry  w ith  hew w e ll the  same shock was 
p re v io u s ly  p re d ic te d  by co n d itio n e d  s t im u l i .  The purpose o f 
the qu ick  p i lo t  s tudy was to  see i f  I  cou ld  f in d  s u ita b le  
parameters w ith  which to  study th is  p o s s ib i l i t y .
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TABLE 11; CLASSICAL-INSTRUMENTAL TRANSFER DESIGN
Stage 1 Stage 2
(many t r i a l s )
Group P L1->Sh, L2 R->Sh
Group N L1->Sh-+, L2->Sh-+, R->Sh
Keys L I = 1st l i g h t ,  L2 = 2nd l i g h t ,  R = response, 
Sh = shock, Sh-+ = shock on h a l f  the t r i a l s .
M&thod
S u b je c ts : Group L from  Experiment 3. So they p r io r
experience o f the  to n e , panel l ig h t s ,  and 0.4 mA and 1.0 mA
shocks* Sub jects  were brought back down to  85% o f t h e ir
p rev ious fre e - fe e d in g  w e ig h ts .
Appa ra tus : As b e fo re .
Procedures A f te r  com ple tion  o f Experiment 3 and a few days’ 
r e s t ;  th e  su b je c ts  were g iven  3 V I 60 one hour d a i ly  
sessions to  r e in s ta te  le v e r  p re ss in g . On the  fo llo w in g  day 
( te s t  day 1 ) , the  V I 60 sec schedule f o r  s in g le  45 mg 
p e l le ts  was m ain ta ined f o r  30 m in, then a FR schedule f o r
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1.0 mA Shooks was superlnposed on th is  V I 60 food schedule 
(b u t see the  re s u lts  s e c tio n  o f  Experiment 7 , p i lo t ,  f o r  the  
reason why the  a c tu a l c u rre n t to  the  ra ts  was cons ide rab ly  
le s s  than 1.0 mA). The FR r a t io  was c a lc u la te d  by d iv id in g  
th e  number o f le v e r  presses in  the  f i r s t  30 min by 30 f o r  
Group 1, and by 10 f o r  Group 2. On te s t  day 2, these r a t io s  
were m ain ta ined f o r  th e  f i r s t  30 m in, then  Group 1 's  FR was 
m u lt ip l ie d  by 3 ( ie ,  from  FR x  to  FR 3 x ), and Group 2 's  
d iv id e d  by 3.
£fia.v}ltg
U n fo rtu n a te ly  the  da ta  f o r  te s t  day 1 o f  Group 1 were 
lo s t ,  due to  problems in  shook p re s e n ta tio n . On the  same 
day, th e  r a ts  in  Group 2 rece ived  2, 4, 4 and 5 shocks each; 
ie ,  mean o f 3 .75 shocks (and the  average would have been 30 
i f  le v e r  p ress ing  had been m ainta ined a t the  same ra te  as in  
the  i n i t i a l  non-shocked p e r io d ) ,  so th e re  was an 8 fo ld  
(30/ 3 . 75 ) re d u c tio n  in  the  ra te  o f le v e r  p ress ing  on 
p re se n ta tio n  o f the  c o n tin g e n t shocks. On te s t  day 2, the  
mean ra te  o f le v e r  p ress in g  was 4 .2  per min w ith  the  lean  
schedule o f shocks, and 1.5 per m in f o r  the  schedule w ith  
more shocks per le v e r  p ress . There was on ly  one r a t  ou t o f  
the  8 which d id  n o t fo l lo w  t h is  p a tte rn , and i t  made no 
responses d u rin g  th e  second h a l f  o f the  sess ion  in  which the  
lean schedule was in  e f f e c t ; so i t  never was exposed to  the  
a lte re d  schedule.
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Conclusion
From th is  p i lo t  i t  appears th a t  the  suppression o f  
le v e r  p ress ing  due to  response co n tin g e n t shocks on a FR 
schedule is  h ig h ly  s e n s it iv e  to  the  frequency o f occurrence
o f the  shocks. Thus i t  should be po ss ib le  to  arrange
s u ita b le  parameters to  perform  the  experiment ske td ied  in  
Table 11, and avo id  f lo o r  and c e i l in g  e f fe c ts .  So a 
c la s s ic a l- in s tru m e n ta l t ra n s fe r  experiment should be a 
fe a s ib le  way to  lo o k  f o r  US a s s o c ia b i l i ty  changes. One 
g rea t advantage o f t h is  procedure ^compared w ith  those I  have 
a lready  c a rr ie d  o u t, is  th a t  i t  is  c lo s e r  to  the  learned 
he lp lessness paradigms, and so is  c lo s e r to  experim ents
which have shown changes in  the  a b i l i t y  o f a US to  e n te r




■Ca ASSCCIABILITY CHANGES 
M  M  APPETITIVE-AVERSIVE TRANSFER PARADIGM
D ick inson  (1976) made r a ts  le v e r  press f o r  food , and a lso  gave 
them fre e  food a t  c e r ta in  in te r v a ls  th roughout the  sess ion . This fre e  
food was d e liv e re d  e i th e r  in  the  presence o f a tone (Group P: ^
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p re d ic te d ) o r randomly w ith  respect to  the  tone (Group N: 
n o n -p re d ic te d ). On subsequent tone— >shock t r i a l s ,  D ick inson  found 
th a t  Group P acqu ired suppression to  the  tone fa s te r  than Group N.
Th is  experim ent is  im p o rtan t because i t  shows th a t  a tone can 
acqu ire  a ve rs ive  p ro p e rt ie s  fa s te r  i f  i t  has been c o rre la te d  w ith  
food , than u n o o rre la te d . We would expect the  tone-food  p a ir in g s  to  
endcw the  tone w ith  a p p e t it iv e  p ro p e r t ie s ; so th is  t ra n s fe r  cannot be 
due to  g re a te r  a ve rs ive  ness b e fo re  th e  tone-shock t r i a l s .  A lso , the  
shocks are  n o v e l, so th a t  the  fa s te r  le a rn in g  cannot be due to  some 
change in  the  p ro p e rt ie s  o f the  shock.
In  an e a r l ie r  chap te r, I  s tressed  the  d if fe re n c e  between events 
a c t in g  as E ls  and E2s. This  d iffe re n c e  has played a c e n tra l ro le  in  
d is t in g u is h in g  between the  le a rn in g  th e o r ie s . For example, Wagner 
( 1978) c la im s th a t  an event is  le a rn t  about le s s  i f  as an E2 i t  is
w e ll  p re d ic te d . Whereas Pearce and H a ll (1980) c la im  th a t an event is
; 1le a rn t  about le s s  i f  as an El i t  is  fo llo w e d  by p re d ic ta b le  even ts . 
U n fo rtu n a te ly , in  D ic k in s o n 's  experim ent we do no t know i f  the  tone is  
a c t in g  as an El o r  an E2 (o r  b o th I ) in  the  tone -food  a s s o c ia tio n  in
Group P, as th e  tone and food a re  presented s im u ltan eous ly . So
“’I
Experiment 9 looks f o r  the  D ick inson  (1976) r e s u lt  when the  tone a c ts  
as an El ; and Experiment 10 looks a t  another event (a l i g h t )  a c t in g  as 
an E2 in  an id e n t ic a l design to  Experiment 9.
EXPERIMENT _9
The design o f Experiment 9 is  shown in  Table 12. A t the end o f 
stage 1, Group P should expect th e  l i g h t  and f re e  food p re se n ta tio n s  
a f te r  tone t r i a l s ,  whereas Group N would n o t. Accord ing to  the  
Mackintosh th e o ry , the  tone should have g re a te r a s s o c ia b i l i ty  in  Group 
P than Group N, as i t  is  a good p re d ic to r .  T h is  p o s s ib i l i t y  is  te s te d  
in  stage 2. A M ackin tosh-type argument f o r  the  l i g h t  (as an E2) 
suggests th a t the  l i g h t  in  Group P w i l l  have g re a te r  a s s o c ia b i l i ty  
than in  Group N, as i t  is  w e ll p re d ic te d  by the  tone ; stage 3 lo o ks  a t 
th is  id e a *.
Method
S u b je c ts : 16 e xp e rim e n ta lly  na ive  ra ts  w ith  a mean w e igh t o f  411 g 
(standard d e v ia t io n , 34 g) were reduced to  80% o f t h e i r  f re e  fe e d in g  
w e ig h t.
Apparatua; In  o rd e r to  p resen t sucrose s o lu t io n ,  a d ip p e r was used. 
This d ippe r cou ld  l i f t  sucrose, in  a 0.1 cc cup, from  a re s e rv o ir  to  
the  magazine. The sucrose s o lu t io n  was made w ith  10% w/w o rd in a ry
*  O ther analyses o f stage 3*s design are  in  the  d iscuss io n  o f 
Experiment 11.
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TABLE 12: DESIGN OF EXPERIMENT 9
Stage 1 Stage 2 Stage 3 
(many t r i a l s )
Group P T->L+F T->Sh L->Sb
Group N T /  L+F T->Sh L->Sh
Key: T = tone , L = l i g h t ,  F = food , Sh = shock
->  = ' i s  fo llo w e d  b y ',  /  = ' i s  u n re la te d  t o '
w h ite  sugar in  ta p  w a te r; th us , the nom inal s tre n g th  was 10%, bu t w ith  
evap o ra tion  from  th e  re s e rv o ir  the  a c tu a l s tre n g th  tended to  be 
somewhat g re a te r . A lso , the  volume o f s o lu t io n  was probably g re a te r  
than the  nominal 0.1 cc, as seme s o lu t io n  was a v a ila b le  from the  s ides 
o f the  cup, and on the  d ipper arm.
The l i g h t  s tim u lu s  employed was a standard 2 .8  W bu lb  lo ca te d  
in s id e  the magazine t ra y ,  bu t too  h ig h  f o r  the  r a t  to  see o r touch . 
Thus, the  whole magazine t ra y  was il lu m in a te d  when th is  s tim u lu s  was 
on. T h is  was in tended to  p rov ide  a s tro n g  l ig h t - fo o d  a s s o c ia tio n , so 
by a s s o c ia tio n , the  l i g h t  was an im po rtan t even t; and th a t  i t s  
a s s o c ia b i l i ty  was more l i k e l y  to  depend on hew w e ll p re d ic te d  i t  was. 
Th is  l i g h t  was presented fo r  the  whole CS d u ra t io n , whereas the  tone
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was pu lsed , w ith  the  same parameters as in  Experiment ?•
P rocedure; A f te r  the  ra ts  had le a rn t  to  le v e r  press f o r  sucrose 
reward, a l l  sessions la s te d  80 min and conta ined a V I 120 sec schedule 
o f sucrose re in fo rcem en t f o r  le v e r  p ress in g . There were 4 days o f 
b ase line  t r a in in g ,  a t  the  end o f which the  ra ts  were d iv id e d  in to  two 
groups, matched f o r  ra te  o f le v e r  p ress in g . Then th e re  were 9 days o f 
stage 1, 4 days o f s tage 2, and 3 days o f stage 3. In  stage 1, bo th
groups had a 30 sec tone t r i a l  a f te r  4 min and th e re a f te r  every 5 min 
( ie ,  an o f fs e t  to  onset I T I  o f 4 .5  m in ), u n t i l  15 t r i a l s  had been 
presented. In  Group P, every tone t r i a l  was im m edia te ly fo llo w e d  by a 
30 second p re s e n ta tio n  o f the  l i g h t .  In  Group N, the  l i g h t  was 
presented 15 tim es , bu t randomly w ith  respec t to  th e  tone . A f te r  3 
seconds o f the l i g h t ,  one 45 mg food p e l le t  was presented. I f  the  r a t  
made a magazine e n try  in  th e  next 12 seconds, ano ther p e l le t  was 
presented (15 sec a f te r  l i g h t  o n s e t) ; and w ith  a magazine e n try  
between 15 and 27 sec, ano the r p e l le t  was presented a f te r  27 sec. In  
stage 2 , the re  were two t r i a l s  each day ( a f te r  19 and 59 m in ), in  
which the  30 sec tone was im m ediate ly fo llo w e d  by a 0 .5  mA, 0.5 sec 
fo o t-s h o c k . Stage 3 was id e n t ic a l to  stage 2 , except th a t  the  l i g h t  
(w ith o u t f re e  food ) was presented in s tead  o f the  tone .
D ick inson  (1976) used id e n t ic a l food p e l le ts  as the  reward fo r  
le v e r  p ress ing  and as the  f re e  food . B u t, A z r in  and Hake (1969) have 
shown th a t  use o f id e n t ic a l co n tin g e n t and non -con tingen t rewards is  
l i k e l y  to  produce an increase  in  response ra te  in  the  CS, p robab ly  due 
to  a d v e n tit io u s  re in fo rc e m e n t. Because I  d id  no t want t h is  a d d it io n a l 
fa c to r  de te rm in ing  response ra te ,  i t  was decided to  use d i f f e r e n t  
rew ards; sucrose s o lu t io n  f o r  le v e r  p ress ing , and com position  p e l le ts
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as the  fre e  food .
In  Group P, stage 1, suppression to  the  l i g h t  was c a lc u la te d  
us ing  the 30 sec be fo re  the  tone as the  pre-CS p e rio d . In  stages 2 
and 3, the  m inute be fo re  th e  CS was taken as the  pre-CS p e rio d .
snâ. Piscusaion
As can be seen from  F igu re  7, d u rin g  stage 1 t r a in in g ,  Group N 
d isp layed  no suppression to  the  tone (as would be expected, as i t  
s ig n a lle d  n o th in g ) ;  bu t Group P showed some suppression (a t le a s t  on 
days 3 ,4  and 5) which had e s s e n t ia l ly  disappeared by the  end o f stage 
1. However, the re  was la rg e  suppression o f le v e r  p ress ing  f o r  both  
groups d u rin g  the  l i g h t ; presumably because the  r a ts  were e n te r in g  the  
magazine and consuming the  fo od .
These im pressions were confirm ed by a n a ly s is : For the  tone, the  
e f fe c t  o f  Groups (F=23, d f= 1 , l4 ,  p<0.001) and the  Groups *  Days 
in te ra c t io n  (F=4.0, d f=8 ,112 , p<0.001) were s ig n i f ic a n t .  For the
l i g h t ,  the re  was no o v e ra ll Group e f fe c t  (F<1), b u t the  Group *  Days 
in te ra c t io n  was s ig n i f ic a n t  (F=3.1, d f=8,111, p<0.005). A subsequent 
Newman-Keuls te s t  showed the  d iffe re n c e  on day 1 to  be s ig n if ic a n t  
(p< 0 .01 ), bu t no o th e r re le v a n t comparison was. To in v e s tig a te  th is  
d if fe re n c e , a Groups *  T r ia ls  ANOVA was done on the  f i r s t  da y 's  
r e s u lts .  As expected from  th e  r e s u lt  o f the  Newman-Keuls te s t ,  the  
e f fe c t  o f  Groups was s ig n if ic a n t  (F=13, d f= 1 ,1 4 , p<0,005). However, 
th e re  was no e f fe c t  o f T r ia ls  (F<1), nor was th e re  a Group *  T r ia ls  
in te ra c t io n  (F=1.3, d f= l4 ,1 9 5 , p> 0 .2 ). This  in d ic a te s  th a t  th e re  was 
no change in  suppression th roughout the  day, and th a t  the  group 
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FIGURE 7. Experiment 9# group suppression 
ra t io s  fo r the 9 days of stage 1,
suppression  is  unco n d itio n e d , and no t due to  a ra p id ly  lea rned
lig h t - fo o d  a s s o c ia tio n  (a t  le a s t  i n i t i a l l y ) .  The d if fe re n c e  between 
the  groups in d ic a te s  g re a te r unconditioned suppression  in  Group N, 
presumably because th e  l i g h t  'came out o f the  b lu e ',  and d id  n o t have 
ano the r s u rp r is in g  event ( ie ,  the  tone) preceding i t .  I t  should be 
emphasized th a t  whatever group d iffe re n c e s  e x is te d  d u rin g  t r a in in g ,  by 
the  end o f stage 1, the groups d id  no t d i f f e r  on suppression to  the
l i g h t  o r tone . The pre-CS ra te s  fo r  the  tone on the  la s t  day o f stage
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1 were 12.7 presses per min fo r  Group P, and 14.2 fo r  Group N. These 
ra te s  d id  n o t d i f f e r  (F<1).
e— □ GROUP P 
 + GROUP N0.5
0.5
CL 0.2 '
2 3 4 5 6 7 8
TRIALS
FIGURE 8. Experiment 9# group suppression ra t io s  
fo r the 8 tone— >shock tes t t r i a ls  o f stage 2.
The most in q jo rta n t data  were f o r  the  tone-shock t r i a l s .  As can 
be seen from  F igu re  8, the suppress ion  r a t io s  on the f i r s t  t r i a l  a re  
a lm ost id e n t ic a l f o r  the  two groups; th e re a f te r  Group P appears to  
show g re a te r suppress ion , u n t i l  near maximum suppression is  reached. 
An ANOVA revea led  a s ig n if ic a n t  e f fe c t  o f  T r ia ls  (F=40, d f= 7 ,9 5 ,
p<0.0001), and a Group •  T r ia ls  in te r a c t io n  (F=2.94, d f= 7 ,95 , p< 0 .01 ).
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bu t the main e f fe c t  o f  Groups f e l l  sho rt o f s ig n if ic a n c e  (F=3.6, 
d f= 1 , l4 ,  p<0 .08). The in te ra c t io n  was fu r th e r  in v e s tig a te d  w ith  a
Newman-Keuls t e s t :  th e re  was a s ig n if ic a n t  d iffe re n c e  between the
groups on t r i a l  4 (p<0.0005). Thus we have good evidence th a t Group P 
le a m t  the  a s s o c ia tio n  between the  tone and the  shock fa s te r  than 
Group N. Th is e s s e n t ia l ly  re p lic a te s  D ic k in s o n 's  (1976) f in d in g .  In  
a d d it io n ,  t h is  present experim ent a llow s us to  be c o n fid e n t th a t  the  
tone is  a c t in g  as an El ( in  th e  to n e - l ig h t  and tone -food  a s s o c ia tio n s ) 
f o r  Group P, as bo th  the  l i g h t  and food fo llo w e d  the  tone . The pre-CS 
ra te s  d u rin g  the  tone-shock sessions were 12.7 presses per min f o r  
Group P, and 14.7 f o r  Group N. These ra te s  d id  n o t d i f f e r  r e l ia b ly  
(F<1).
In  stage 3 (F ig u re  9 ) ,  Group P s ta r ts  o f f  s l ig h t ly  more 
suppressed than Group N, and bo th  groups ve ry  r a p id ly  acqu ire  more 
suppression, so by t r i a l  4 th e re  is  p r a c t ic a l ly  no responding d u rin g  
l i g h t  p re se n ta tio n s . W ith  such an obvious f lo o r  e f fe c t ,  a n a ly s is  o f  
the  6 t r i a l s  seemed p o in t le s s .  So o n ly  one in v e s t ig a t iv e  a n a ly s is  was 
perform ed: To exp lo re  the  i n i t i a l  d if fe re n c e  between the  2 groups, an
ANOVA was performed on the  f i r s t  2 magazine-shock t r i a l s .  There was a 
s ig n if ic a n t  e f fe c t  o f  T r ia ls  (F=6.7, d f a l ,14 , p<0 .05), in d ic a t in g  th a t  
bo th  groups suppressed more on th e  second t r i a l  than the  f i r s t .  The 
e f fe c t  o f  Groups was ju s t  sh o rt o f  s ig n if ic a n c e  (F=3.8, dfj=.1,14, 
p<0 .08), so perhaps Group P was more suppressed. However, th e re  was 
no tra c e  o f a Group *  T r ia l  in te ra c t io n  (F<1).
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FIGURE 9. Experiment 9# group suppression r a t io s  
fo r the 6 l ig h t— >shock t r i a ls  of stage 3.
tone  p re v io u s ly  pa ired  w ith  food acqu ires  suppression fa s te r  d u r in g  
tone-shock p a ir in g s , than when the  food was randomly presented w ith  
respec t to  the  tone . By g iv in g  th e  food p re se n ta tio n s  a f te r  th e  tone 
In  the  pa ired  o r c o rre la te d  c o n d it io n , we can be c o n fid e n t th a t  the  
tone was a c tin g  as ^  E l.
We were no t ab le  to  see I f  the  l i g h t  bad g re a te r  a s s o c ia b i l i t y  
when preceded by the  tone , p a r t ly  because the re  was a lre a d y  moderate 
suppression  a t  the  s ta r t  o f lig h t-s h o c k  t r a in in g ,  and p a r t ly  because
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Group P appeared to  be more suppressed than Group N on th e  f i r s t  
l i g h t — >shook t r i a l .
EXPERIMENT JO
Experiment 9 showed th a t  the  tone in  a tone— > l±gh t + food 
r e la t io n  has enhanced a s s o c ia b i l i ty  r e la t iv e  to  a tone which is  
randomly presented w ith  respec t to  the  l i g h t  + food . However, the  
data were in c o n c lu s iv e  in  de te rm in ing  whether the  a s s o c ia b i l i ty  o f  the  
l i g h t  was s im i la r ly  a f fe c te d . There are  a t  le a s t  3 p o s s ib le  
a r te fa c tu a l reasons f o r  t h i s :
1 ). F lo o r e f fe c t  due to  suppression a t s ta r t  o f  l i g h t — >shock
t r i a l s .
2 ) .  Groups had d i f f e r e n t  i n i t i a l  le v e ls  o f suppression.
j
3 ). We do n o t knew the  e f fe c t  o f the tone— >shock t r i a l s  on > J
isuppression d u rin g  lig h t-s h o c k  p a ir in g s . , |
The f i r s t  problem was s l ig h t ly  s u rp r is in g  as D ick inson  (1976, ' :!
Experiment 2 ) ,  found no suppression to  h is  tone ( in  which the  f re e  !
food was presented) a t  the  s t a r t  o f c o n d it io n in g , i f  f re e  food was no t 
presented on c o n d it io n in g  t r i a l s .  I  have considered th re e  a lte rn a t iv e  ^
exp lana tions  f o r  the  d if fe re n c e  between h is  experim ent and stage 3 o f «
o u rs : f i r s t ,  d i f f e r e n t  s t im u l i  were used (a d if fu s e  tone and a vfj
lo c a liz e d  magazine l i g h t ) ;  second, the re  may have been s tim u lu s  i
g e n e ra liz a tio n  between the  l i g h t  and th e  tone in  our la s t  experim ent, 
so th a t  c o n d it io n in g  to  the  tone re s u lte d  in  suppression to  the  l i g h t ;
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and t h i r d ,  D ick inson  had id e n t ic a l response-con tingen t and fre e  food , 
whereas I  had sucrose s o lu t io n  as reward, and food p e l le ts  as the  fre e  
food . In  Experiment 11, the  tone Is  used In  p lace o f the  l i g h t ,  so 
th a t  t h is  f i r s t  e xp la n a tio n  would be accounted fo r .  In  th is  
experim ent, the  l i g h t — >shock t r i a l s  w i l l  be presented be fo re  the  
tone— >shock t r i a l s ,  so t h is  second exp lana tion  would not app ly  (see 
Table 13 ). I  was n o t happy to  combat the  t h ir d  e xp la n a tio n , as any 
d if fe re n c e  must be because D ic k in s o n 's  ra ts  were confused between the  
re spon se -co n tinge n t and response-independent foods ! T h is  would 
c e r ta in ly  co m p lica te  the  th e o re t ic a l a n a ly s is .
TABLE 13: DESIGN OF EXPERIMENT 10
Stage 1 Stage 2 Stage 3 
(mapy t r i a l s )
Group P T->L+F L->Sh T->Sh
Group N T /  L+F L->Sh T->Sh
Key: T = tone , L = l i g h t ,  F = food , Sh = shock
->  = ' I s  fo llo w e d  b y ',  /  = ' I s  un re la ted  to '
I t  was a lso  hoped to  c lrc u n v e n t the problem o f  suppression a t  the  
s t a r t  o f c o n d it io n in g ,  by us ing  magazine e n tr ie s  as an a d d it io n a l and
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d i f f e r e n t  measure o f suppression . I t  is  p o ss ib le  th a t  magazine 
e n tr ie s  may be m ain ta ined f o r  lo n g e r than le v e r  p re ss in g , because 
magazine e n try  d u r in g  the  l i g h t  has a h igh  chance o f le a d in g  to  
reward, throughout the  t r a in in g  t r i a l s  (stage 1 ).
The th i r d  a r te fa c tu a l reason was a lso  remedied by p resen ting  the  
l i g h t — >shock t r i a l s  be fo re  tone c o n d it io n in g . L ikew ise , the  I n i t i a l  
group d iffe re n c e  (reason 2) may be because o f the  tone-shock t r i a l s  
(and a l ig h t - to n e  a s s o c ia t io n ) ,  so may be avoided In  t h is  experim ent.
S u b je c ts ; 16 e xp e rim e n ta lly  na ive ra ts  were used, w ith  an average
- ''1fre e  feed ing  w e igh t o f  391 g (standard d e v ia t io n , 32 g ) .  They were r / l
reduced to  80% o f  these w e igh ts  a t  th e  s ta r t  o f the  experim ent. *
Apparatus: Id e n t ic a l to  Experiment 9. I
. 1
Procedure: Id e n t ic a l to  Experiment 9, except th a t  stages 2 and 3 were
reve rsed , and th a t  magazine e n tr ie s  were a lso  recorded. Suppression  ^ ]
r a t io s  f o r  magazine e n tr ie s  in  stage 1 were c a lc u la te d  using  the  t o ta l  I
number o f pre-CS and CS e n tr ie s  in  each sess ion , f o r  each r a t .  For 
the  l i g h t  t r i a l s ,  th e  pre-CS pe rio d  was 60 seconds lo n g , and f in is h e d  4
60 seconds before  the  l i g h t  onse t. A base line  recovery  day was
in s e rte d  between days 2 and 3 o f  stage 2, because o f the  la rg e  number ... j
o f m iss in g  data p o in ts .  D uring stages 2 and 3, th e  magazine e n t r ie s ' :
suppression r a t io  was c a lc u la te d  f o r  each t r i a l  us ing  th e  3 m inutes -,
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FIGURE 10. Experiment 10# Lever press data 
analyzed by group mean suppression ra t io s  
fo r the 9 days of stage 1.
Pfig.vata asd Plaouasion 
The stage 1 le v e r  press suppression r a t io s  can be seen in  F ig u re  
10, and the  r a t io s  fo r  magazine e n tr ie s  is  shewn in  F ig u re  11. As in  
Experiment 9, suppression o f le v e r  p ress ing  d u r in g  the  tone appears to  
deve lop (presumably due to  a n t ic ip a t io n  o f the  fo od ) in  Group P, and 
then d isappears. This is  borne o u t s t a t i s t i c a l l y ,  as the  e f fe c t  o f  
Groups was ju s t  s ig n i f ic a n t  (F=4.7, d f= 1 ,14 , p<0.05)> and the  Group *  
T r ia ls  in te ra c t io n  was hugely s ig n i f ic a n t  (F=4.9, d f=8 ,112 , p<0.0001),
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bu t th e re  was no e f fe c t  o f T r ia ls  (F=1.5, d f=8 ,112 , p>0.1). In  t h is  
experim ent, th e re  appeared to  be g re a te r suppression o f le v e r p ress ing  
to  the  l i g h t  in  Group N, throughout stage 1, u n lik e  Experiment 9; b u t 
t h is  was n o t v e r i f ie d  s t a t i s t i c a l l y  as the  e f fe c t  o f Groups (F=1.7 , 
d f= 1 , l4 ,  p > 0 .2 ), and the Groups » T r ia ls  in te ra c t io n  (F<1) were bo th
n o n -s ig n if ic a n t .  Thus the re  seems to  be no r e l ia b le  d iffe re n c e  in  
suppress ion  d u r in g  the  l i g h t ,  depending upon whether o r no t i t  has 
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FIGURE 11. Experiment 1Gi Magazine e n tr ie s  
analyzed by group mean suppression r a t io s  
fo r the 9 days o f stage 1.
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On day 1 o f  stage 1 in  Experiment 9, Group N showed g re a t
suppression to  the  l i g h t .  However, in  t h is  experim ent, th e re  was no
s ign  o f th is  (see F ig u re  10); so i t  cannot be a r e l ia b le  phenomenon.
W ith  magazine e n t r ie s  (F igu re  11), Group P appears to  increase
th e  ra te  o f e n try  more than Group N, d u rin g  bo th  the  tone and the
l i g h t .  However the  e f fe c t  o f  Groups f e l l  s h o rt o f s ig n if ic a n c e  d u r in g  ^
the  tone (F=3.8, d f= 1 , l4 ,  p<0 .08), and d u rin g  the  l i g h t  (F=2.9,
d f= 1 ,14 , p> 0 .1 ). A l l  o th e r  F 's  le s s  than 1 .3 , except the  e f fe c t  o f  
Days d u rin g  the  l i g h t  (F=3.7, d f=8 ,112 , p<0.001), presumably due to  a 
s l ig h t  decrease in  the  suppression r a t io  ( ie ,  le s s  a c c e le ra t io n )  over 
days, e s p e c ia lly  in  Group N. Comparing F igures 10 and 11, we can see 
th a t  us in g  magazine e n t r ie s  so lves  the  problem o f a f lo o r  e f fe c t .
W ith  le v e r  p re ss in g , th e  l i g h t  produces suppression r a t io s  o f around 
0 .3 ; but w ith  magazine e n t r ie s ,  the  r a t io s  a re  0 .5 -0 .7 *  , i
U n fo rtu n a te ly , w ith  magazine e n tr ie s ,  Group P appears to  have a la rg e r  
r a t io  than Group N. ^
The c r i t i c a l  da ta  were f o r  th e  l ig h t-s h o c k  t r i a l s ,  and these are  ; }
shown in  F igures 12 and 13. There is  g re a te r suppression in  Group N .{
a t  the  s ta r t  o f stage 2, and bo th  groups ra p id ly  approach complete !
suppress ion , both  w ith  le v e r  presses (F igu re  12), and w ith  magazine i
e n tr ie s  (F ig u re  13), as th e  response measure. A n a lys is  o f  the  le v e r  ’
press data revea led  a la rg e  e f fe c t  o f  T r ia ls  (F=6.7 , d f= 5 ,60 , ^
p<0.001), and no e f fe c t  o f  Groups (F<1); the  Group *  T r ia ls  ‘
In te ra c t io n  f e l l  sh o rt o f s ig n if ic a n c e  (F=1.8, d f= 5 ,60 , p>0 .05). /j
Whereas, the  da ta  us ing  magazine e n tr ie s ,  produced a s ig n if ic a n t  j
e f fe c t  o f  Groups (F=7.1, d f ^ l ,14 , p<0 .05), as w e ll as the  la rg e  e f fe c t
o f T r ia ls  (F=53, d f= 5 ,5 6 , p<0.0001); bu t the  Group *  T r ia l  in te ra c t io n  * \i
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was no t s ig n i f ic a n t  (F=2.0, d f= 5 ,5 6 , p>0 .05). As th e  mean suppression 
f o r  both  groups on both  response measures converges around zero on the  
la s t  3 t r i a l s ,  i t  is  e v id e n t th a t  the  Group e f fe c t  is  due to  group 
d iffe re n c e s  on the  f i r s t  3 t r i a l s ;  ie .  Group N was i n i t i a l l y  more 
suppressed. As was discussed above, i t  appeared th a t  d u rin g  stage 1, 
Group N’ s suppression r a t io s  f o r  the  magazine e n tr ie s  d u r in g  the  l i g h t  
were approaching 0 .5 , bu t Group P 's  were rem a in ing  around 0 .7 . 
A lthough the reason f o r  t h is  is  u n c le a r, th is  o b se rva tion  accounts f o r  
the  re s u lts  ob ta ined f o r  the  lig h t-s h o c k  t r i a l s .
In  stage 2, the  pre-CS le v e r  press ra te s  were 14.2 presses per 
min fo r  Group P, and 14.9 f o r  Group N; these f ig u re s  were no t r e l ia b ly  
d i f fe r e n t  (F<1). D uring tone-shock t r i a l s  (stage 3 ) , the  pre-CS ra te s  
were 23.5 p resses/m in  f o r  Group P, and 16.2 f o r  Group N. D esp ite  the  
la rg e  num erica l d if fe re n c e , th e re  was no s t a t i s t i c a l  d iffe re n c e  
(F=1.8, d f= 1 , l4 ,  p> 0 .1 ), and the  num erica l d iffe re n c e  was due to  2
r a ts  in  Group P hav ing  h ig h  pre-CS ra te s  (50 and 39 p re sses /m in ).
The tone-shock t r i a l s  (s tage 3, see F ig u re  12 and 13) appear to  
shew a la rg e  and m ain ta ined se p a ra tio n  between the  2 groups: Group P
be ing  more suppressed on a l l  4 t r i a l s ,  and both  response measures, 
than Group N. Th is  was v e r i f ie d  s t a t i s t i c a l l y .  For le v e r  presses, 
th e re  were la rg e  and s ig n if ic a n t  e f fe c ts  o f Group (F=22, d f= 1 , l4 ,
p<0.0005) and T r ia l  (F=7.4, d f= 3 ,4 l,  p<0.001). There was no
in te ra c t io n  (F<1). L ikew ise , the  data  fo r  magazine e n tr ie s  gave 
s ig n if ic a n t  e f fe c ts  o f Group (F=21, d fa 1 ,13 , p<0.001) and T r ia l
(F=5.2, d f=3 ,38 , p<0 .01 ), and no in te ra c t io n .  Thus these tone-shock 
t r i a l s  have g iven us good evidence th a t  Group P was more a f ra id  in  the 
presence o f the  tone . Th is  must be due to  the  p rev io us  lig h t-s h o c k
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FIGURE 12. Experiment lOi Lever press data  
analyzed by suppression ra t io s  for the 6 te s t  
t r i a l s  o f stage 2, and the 4 t r i a l s  o f stage 3,
t r i a l s ,  because lu  Experiment 9 the  two groups had equal suppress ion  
r a t io s  a t  the  s t a r t  o f  tone-shock p a ir in g s . The p resen t d if fe re n c e  is  
an example o f sensory p re -c o n d it io n in g : Group P le a r n t  the  to n e - l ig h t
a s s o c ia tio n  in  stage 1, and then the  l i g h t — >shock a s s o c ia tio n  in  
stage 2, and so suppressed in  stage 3 d u rin g  the  to n e , in  a n t ic ip a t io n  
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FIGURE 13. Experiment 10i Magazine e n tr ie s  
analyzed by suppression ra t io s  fo r the 6 te s t  
t r i a l s  o f stage 2 ,  and the 4 t r i a l s  o f stage 3.
Conclusion
In  th is  experim ent th e re  was no evidence f o r  a change In  the  
a s s o c ia b i l i ty  o f the  l i g h t ,  due to  I t  being an E2 In  Group P, b u t n o t 
In  Group N. The nex t experim ent makes another a tte m p t a t  t h is ,  u s in g  
th e  same paradigm.
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EXPERIMENT _U
In  the  la s t  2 experim ents, stage 1, f o r  Group P, cons is ted  o f 
t r i a l s  w ith  a tone fo llo w e d  by p re s e n ta tio n  o f a l i g h t  In  which f re e  
food was presented. Experiment 9 showed th is  tone to  have enhanced 
a s s o c ia b i l i ty  r ^ a t i v e  to  a group in  which the  l i g h t  and food were 
randomly presented w ith  re sp e c t to  the  tone . In  Experiment 10, I  was 
unable to  f in d  any evidence fo r  a s im ila r  a s s o c ia b i l i ty  change f o r  the  
l i g h t .  Th is  could be because:
1 ). The a s s o c ia b i l i ty  o f a g iven  s tim u lus  is  no t a lte re d  by 
a s s o c ia tio n  w ith  the  tone , b u t is  a lte re d  by a s s o c ia tio n  w ith  the 
l i g h t  and food . Presumably th is  would be because o f the 
d iffe re n c e  in  s a lie n ce  o r m o tiv a t io n a l s ig n if ic a n c e .
2 ) ,  P re d ic t iv e  r e la t io n s  th a t  enhance the  a s s o c ia b i l i ty  o f  the  
El do n o t enhance the  a s s o c ia b i l i ty  o f the  E2 to  the  same e x te n t 
( i f  a t  a l l ) .
3 ) .  The tone changes a s s o c ia b i l i ty  more re a d i ly  than the  l i g h t ,  
due to  some u n s p e c if ie d , in t r in s ic  p ro p e rty .
The p o s s ib i l i t y  ra is e d  in  2) is  the  ques tion  I  am t r y in g  to  
answer. However, i t  seemed se n s ib le  to  a ttem pt to  d iscoun t the  o th e r 
a l te rn a t iv e s  b e fo re  accep ting  the  n u l l  hypothesis th a t  E2s do no t 
change in  a s s o c ia b i l i ty .  So, in  th is  experim ent, the  l i g h t  and tone 
were in te rchanged, ie ,  a f te r  the  l i g h t ,  the  tone was presented along 
w ith  fre e  food . T h is  o b v io u s ly  would c a te r  f o r  p o s s ib i l i t y  3 ) . A lso , 
the  l i g h t  may be much more s a l ie n t  than the  tone (compare the  ra te  o f 
c o n d it io n in g  o f these two events in  stages 2 and 3 o f Experiment 10: 
F igures 12 and 13). I f  t h is  is  so, then  the  tone rs  a s s o c ia b i l i ty  may
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vary  w ith  a l ig h t - to n e  a s s o c ia tio n , w h ile  the  l i g h t ’ s a s s o c ia b i l i ty  
may be una ffec ted  by a s s o c ia tio n  w ith  the tone ; th u s , p o s s ib i l i t y  1) 
may be reduced by in te rc h a n g in g  the tone and l i g h t .  T he re fo re , the  
design o f t h is  experim ent is  e x a c tly  the same as Experim ent 10, b u t 
th e  l i g h t  and tone are  swapped (see Table 14).
TABLE 14: DESIGN OF EXPERIMENT 11
Stage 1 Stage 2 Stage 3 
(many t r i a l s )
Group P L->T+F T->Sh L->8h
Group N L /  T+F T->Sh L->Sh
Key: L = l i g h t ,  T = tone , F = food , Sh = shock
-> = ’ is  fo llo w e d  by ’ , /  = ’ is  u n re la te d  t o ’ .
Method
S u b je c ts : 16 e x p e rim e n ta lly  na ive  ra ts  were used (mean f re e  fe e d in g
w e ig h t, 257 g ; s .d . ,  13 g) and were reduced to  85$ o f  t h is .
Ap p a ra tu s : Id e n t ic a l to  Experiment 9.
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PcfifiM ucfi: Id e n t ic a l to  Experiment 10, except th e  tone and l i g h t  were
In te rchanged. So in  Group P, the magazine l i g h t  was presented f o r  30 
seconds, then the  tone fo r  30 sec, d u rin g  which f re e  p e l le ts  were 
presented. In  stage 2 (tone-->shock) the re  were o n ly  4 t r i a l s ,  and 
the  shock was em itted  on the  la s t  t r i a l .  There were 4 stage 3 t r i a l s  
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FIGURE 14. Experiment 11i Lever press data  
analyzed by group mean suppression ra t io s  
fo r the 9 days of stage 1.
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R ésu lta
For the  le v e r  press da ta  o f stage 1 (F igu re  14), i t  can be seen 
th a t  the  2 groups are  s im ila r  f o r  both the  l i g h t  and tone p e rio d s . 
During the  l i g h t ,  bo th  groups show a s l ig h t  amount o f  suppression 
which g ra d u a lly  recove rs . Th is  is  supported by a s ig n if ic a n t  Days 
e f fe c t  (F=3.9, d f=8 ,111 , p<0.001). The Group *  Days in te ra c t io n
(F=2.0, d f=8 ,111) te e te rs  on the  b r in k  o f conve n tiona l s ig n if ic a n c e :
f o r  p<0.05, F>2.03; here , F=2.02. This may in d ic a te  le s s  suppression 
in  Group P f o r  the la s t  5 days, a lthough  the group d iffe re n c e  was o n ly  
* s ig n i f ic a n t ' on the  la s t  day (Newman-Keuls, p<0 .05 ). During the  tone 
th e re  a re  no s ig n if ic a n t  d iffe re n c e s  f o r  the  le v e r  press d a ta , (Fs<1, 
except f o r  th e  Days' e f fe c t ,  F=1.5, d f=8 ,111, p> 0 .1 ).
Using magazine e n tr ie s  as the  response measure (F igu re  15), 
d u rin g  the  l i g h t ,  Group P showed some a c c e le ra tio n  th a t  increased over 
days. Group N 's responding remained more o r le s s  unchanged from  the  
pre-CS ra te  (as would be expected as th e  l i g h t  had no p re d ic t iv e  
v a lu e ) . This  d iffe re n c e  was s ig n if ic a n t  (Group e f fe c t :  F=45,
d f= 1 , l4 ,  p<0.0001; Days e f fe c t :  F=5.2, d f=8 ,112, p<0.0001; bu t the
In te ra c t io n  ju s t  f e l l  sh o rt o f s ig n if ic a n c e : F=2.0, d f=8 ,112,
P=0.054). D uring th e  tone , th e re  appeared to  be some a c c e le ra t io n  o f 
magazine e n tr ie s  to  beg in  w ith ,  w hich g ra d u a lly  tu rned  in to  s l ig h t  
suppression by th e  end o f t r a in in g ;  th is  e f fe c t  o f Days was 
s ig n if ic a n t  (F=7.4, d f=8 ,112 , p<0.0001). There was no Group
d iffe re n c e  (F<1). The in te ra c t io n  o f Groups and Days was s ig n i f ic a n t  
(F=2.1, d f=8 ,112 , p<0 .05), perhaps in d ic a t in g  th a t  the  P red ic ted  Group 
s ta r te d  suppressing e a r l ie r ,  a lthough  a Newman-Keuls te s t  ju s t  f a i le d  
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FIGURE 15. Experiment l l i  Magazine e n trie s  
ana Lyzed by group mean suppress 1 on ra t i os 
fo r the 9 days of stage 1.
days 3 and 4 f a l l i n g  sho rt o f s ig n if ic a n c e  (p=0.0?2, and p=0.052 
re s p e c t iv e ly ) .
On the la s t  day o f t r a in in g ,  the mean p r e - l ig h t  le v e r  press ra te  
was 13.9 presses/m in f o r  Group P, and 13.0 f o r  Group N. These d id  n o t 
d i f f e r  r e l ia b ly  (F<1).
The da ta  o f most in te r e s t  were fo r  the  tone-shock p a ir in g s  in  
stage  2 (F igu res 16 and 17). For both response measures, th e re  was a 
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FIGURE 16. Experiment 11# Lever press data  
analyzed by suppression ra t io s  fo r the 4 te s t  
t r i a l s  o f stage 2  ^ and the 4 stage 3 t r i a ls .
f o r  le v e r  p resses, and F=3.7 , df=3>36, p<0.025 f o r  magazine e n t r ie s ) .  
Th is  in d ic a te s  o v e ra l l le a rn in g  o f the tone-shock a s s o c ia tio n . As can 
be seen from  F ig u re  17, th e  groups d id  n o t d i f f e r  f o r  magazine e n tr ie s  
( e f fe c t  o f Groups, and Group •  T r ia ls  in te ra c t io n ,  bo th  Fs<1), b u t a re  
w id e ly  spaced f o r  le v e r  presses (F ig u re  16 ). This le v e r  p ress 
d if fe re n c e  was s ig n i f ic a n t  (Group e ffe c ts  F=7«1, d fj= 1 ,l4 , p<0.05)*
But the  Group *  T r ia ls  In te ra c t io n  was no t (F<1). An a d d it io n a l ANOVA 
was done to  see i f  t h is  Group e f fe c t  was due to  Group P showing le s s
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suppression a t the s ta r t  o f stage 2, than a t the  end o f stage 1. For 
le v e r  p ress ing  In  the  tone o f Group P, the  la s t  2 days o f stage 1 were 
compared w ith  the f i r s t  2 t r i a l s  o f stage 2 ; th is  e f fe c t  o f ’ S tage’ 
was s iz a b le  (0.27 fo r  stage 1, 0.40 f o r  stage 2 ) , bu t n o t s ig n if ic a n t  
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FIGURE 17. Experiment 11# Magazine e n tr ie s  
analyzed by suppression ra t io s  fo r the 4 te s t  
t r i a l s  o f stage 2, and the 4 stage 3 t r i a ls .
Pre-CS response ra te s  were a ls o  ana lysed , as they a re  an 
In d ic a t io n  o f co n te x tu a l c o n d it io n in g . For the  4 tone-shock t r i a l s ,
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the pre-CS le v e r  press ra te  was 15.3, 8 .8 , 19.1 and 15.5 presses/m ln 
f o r  Group P, and 17.2, 12.3, 14.0 and 3 .0  f o r  Group N. A lthough th e re  
was no group e f fe c t  (F<1), th e re  was an e f fe c t  o f  T r ia ls  (F=6.8, 
d f= 3 ,42 , p<0.001), and a Group *  T r ia l  in te ra c t io n  (F=6.3, d f= 3 ,4 2 ,
p<0.005). Th is  in te ra c t io n  was in v e s tig a te d  fu r th e r  us ing  the 
Newman-Keuls a p o s te r io r i  te s t ,  in d ic a t in g  a s ig n i f ic a n t  (p<0.005) 
group d iffe re n c e  on the  la s t  t r i a l .  Therefore  i t  seems th a t  Group N 
acqu ired  g re a te r b a se lin e  suppression d u rin g  the  tone-shock p a ir in g s .
D uring stage 3, l ig h t-s h o c k  t r i a l s ,  bo th  response measures 
in d ic a te d  a c q u is it io n  o f suppression over t r i a l s  (F=9.7, d f= 3 ,34 , 
p<0.001, f o r  le v e r  presses; F=18, d f= 3 ,35 , p<0.001, f o r  magazine
e n t r ie s ) .  The a c c e le ra t io n  o f magazine e n tr ie s  d u r in g  the  l i g h t  f o r  
Group P in  the  t r a in in g  s tage , appears to  have con tinued , so Group N 
d isp layed  g re a te r suppression o f magazine e n tr ie s  d u rin g  l i g h t — >shock 
t r i a l s  (F=6.8, d f= 1 , l4 ,  p<0 .05). No o th e r comparisons were
s ig n if ic a n t  (Fs<1). The pre-CS ra te s  were 16.3, 10.9, 13.5 and 13.5 
presses per min f o r  Group P over the  4 t r i a l s ,  and 16.0 , 5 .8 , 16.3 and 
17.3 f o r  Group N. There was a s ig n i f ic a n t  e f fe c t  o f t r i a l s  (F=6.4, 
d f= 3 ,42 , p<0.005), bu t no Group e f fe c t  (F<1), o r in te ra c t io n  (F=2.0, 
d f=3 ,42 , p> 0 .1 ).
Discussion
In  th is  experim ent the  l i g h t — >tone + food t r a in in g  (Group P) was 
designed to  increase  the  a s s o c ia b i l i ty  o f the  tone , r e la t iv e  to  l i g h t  
/  tone + food t ra in in g  (Group N). I  had hoped to  see fa s te r  le a rn in g  
o f the  tone-shook a s s o c ia tio n  in  Group P. In  stage 2, however, the  2 
groups d if fe re d  in  le v e r  press suppression r ig h t  from  the  f i r s t  t r i a l .
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Thus, th e  group d iffe re n c e  cannot be due to  le a rn in g  over these te s t  
t r i a l s .  I t  looks as i f  the  N on-pred icted Group has the  same le v e l o f ^
suppression on the  f i r s t  2 tone-shock t r i a l s  as a t the  end o f stage 1 ; 
whereas Group P shows a re d u c tio n  in  suppression a t  the  s ta r t  o f  stage '
2, a lthough  th is  re d u c tio n  was not s t a t i s t i c a l l y  s ig n if ic a n t  (compare 
the  end o f stage 1, w ith  the  f i r s t  2 stage 2 t r i a l s :  F igures 14 and
16). D uring stage 1, Group N had is o la te d  tones w ith  fre e  food , b u t 
Group P always had a l i g h t  s ig n a l l in g  the  tone . Thus, w ith  tone-shock 
p a ir in g s . Group N w i l l  be expec ting  food , as b e fo re , b u t f o r  Group P 
th is  e xp e c ta tio n  w i l l  be reduced as an u ns igna lle d  tone had never 
be fo re  been re ce ive d . I t  seems l i k e l y  th a t  th is  group d iffe re n c e  in  
suppression is  an a r te fa c t  o f expecting  f re e  food in  Group N, bu t n o t 
Group P.
A measure o f le a rn in g  th a t  is  uncontaminated by food expectancy, 
is  the  pre-CS le v e r  press ra te .  I f  i t  is  assumed th a t  the  background 
o r co n te x tu a l cues and . the  nominal CS compete fo r  a s s o c ia tiv e  
le a rn in g , then a re c ip ro c a l r e la t io n  should h o ld ; ie ,  i f  one group has 
g re a te r CS c o n d it io n in g , then  i t  should have le s s  fe a r  o f  the  c o n te x t.
On the  fo u r th  t r i a l  o f  t e s t .  Group N d isp layed  cons ide rab ly  more fe a r  
o f the  con tex t than Group P. This may in d ic a te  le s s  tone-shock - 3
le a rn in g  in  Group N.
So accord ing  to  th is  l i n e  o f reason ing . Group P must have le a rn t  
the  tone-shock a s s o c ia tio n  fa s te r ,  a lthough  d ire c t  o b se rva tion  o f t h is  
was no t po ss ib le  because o f the  g re a te r tone-food  a s s o c ia tio n  in  Group 
N. This enables me to  t e n ta t iv e ly  conclude th a t in  stage 2, the  tone 
in  Group P was being processed more than in  Group N. This f i t s  w ith  
the  idea th a t  E2s have h ig h e r a s s o c ia b i l i ty  i f  they have been
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p re d ic te d ; as suggested by the  M ackin tosh-type and P e a rce -H a ll-type  
id e a s .
The p u ta t iv e  h ig h e r tone a s s o c ia b i l i ty  cou ld  a ls o  be due to  
d is h a b itu a t io n . A t the  s ta r t  o f tone— >shock t r i a l s ,  Group P 
(accord ing  to  the  argument above) d id  no t expect f re e  food . This 
suggests the  tone was be ing  tre a te d  d i f f e r e n t ly  in  stages 1 and 2. 
This d i f f e r e n t  trea tm en t cou ld  w e ll a tte n u a te  any e f fe c t  o f CS 
pre-exposure. That is  to  say, g re a te r processing o f the  p re d ic te d  
tone cou ld  be due to  a change from  being p re d ic te d  to  unp red ic ted , 
ra th e r  than the  p re d ic t iv e  re la t io n s h ip  i t s e l f .
Th is p a tte rn  o f re s u lts  is  no t e x p lic a b le  w ith  the  P earce -H all 
and Mackintosh th e o r ie s . I f  a n y th ing , w ith  the  P earce-H a ll th e o ry , 
the  tone in  Group P should have low er a s s o c ia b i l i ty  than in  Group N. 
This is  because the  l ig h t - fo o d  a s s o c ia tio n  w i l l  a ls o  be le a m t ,  so 
th a t  the  food is  b e t te r  p re d ic te d  in  Group P; le a d in g  to  a d e c lin e  in  
the  a s s o c ia b i l i ty  o f the  tone and l i g h t .  S im ila r ly ,  accord ing  to  the 
M ackintosh th e o ry , the  l i g h t  and tone in  Group P compete fo r
Group N than in  Group P. Thus, both  these th e o r ie s  w rong ly p re d ic t  
th a t  Group N w i l l  have g re a te r tone a s s o c ia b i l i ty  than Group P.
The Wagner theo ry  in d ic a te s  th a t  Group N w i l l  le a rn  a s tro n g  
c o n te x t-to n e  a s s o c ia tio n  d u r in g  stage 1, b u t Group P w i l l  n o t, as the  
l i g h t  precedes tone p re s e n ta tio n s . The re fo re , in  stage 2, the tone 
w i l l  no t be processed as much in  Group N, and so fe a r  w i l l  accrue to  
the  con tex t ra th e r  than to  the  to n e : in  l in e  w ith  the  present p a tte rn
on re s u lts .
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a s s o c ia b i l i ty ,  as they bo th  a re  p re d ic to rs  o f the  food . T he re fo re , m
the  tone is  a b e t te r  p re d ic to r  and w i l l  have h ighe r a s s o c ia b i l i ty  in
cppclugjioti jBÊ Expéri menta ^  ID  and. X I
In  the f i r s t  o f these 3 experim ents us ing  the  genera l procedure 
o f D ick inson  (1976), I  s u b s ta n tia te d  the  c la im  th a t  a tone is  
processed more i f  i t  p re d ic ts  the  occurrence o f f re e  food , r e la t iv e  to  
a n o n -p re d io tiv e  tone . This suggests th a t  th e  tone can a l t e r  in  
a s s o c ia b i l i ty  when i t  is  o p e ra tin g  as an E l. When the  tone was a c tin g  
as an E2, i t s  a s s o c ia b i l i ty  appeared to  be h ighe r i f  the  tone and food 
had been s ig n a lle d  by a l i g h t ,  as evinced by pre-CS ra te s .  B u t, any 
increase in  to n e ’ s p rocessing cou ld  be due to  d is h a b itu a t io n . A lso , 
Wagner's model has l i t t l e  d i f f i c u l t y  e x p la in in g  th is  p a tte rn  o f 
r e s u lts .  In  a l l  3 experim ents, the  P red ic ted  Group w i l l  have a weaker 
context-C S a s s o c ia tio n , and so the  CS w i l l  be more a ttended to .
To summarize, th e  M ackintosh and Pearce -H all th e o r ie s  cannot 
e x p la in  the  re s u lts  o f  Experiment 11. A lthough M ackin tosh-type and 
Pearce-Hal1-ty p e  exp la n a tio n s  work w e ll f o r  the  pre-CS da ta , they 
cannot account f o r  the  group d iffe re n c e  in  le v e r  p ress ing  suppression 
to  the  tone . Because Wagner’ s theo ry  re a d ily  e xp la in s  the  outcome o f 
Experiment 9, and both  the  pre-CS and tone suppression r e s u lts  o f 
Experiment 11, we would be rash to  take th is  s e r ie s  o t experim ents as 
good evidence f o r  a s s o c ia b i l i ty  changes o f CSs a c t in g  as E ls  o r  E2s.
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CHAPTER 11
LOOKING EQH ASSOCIABILITY CHANGES OF A SHOCK 
FUNCTIONI NG M  M  M
In  th is  chap te r, I  a ttem pt to  f in d  a s s o c ia b i l i ty  changes o f a 
shock due to  i t  a c tin g  as an E l.  In  the  c la s s ic a l c o n d it io n in g  
paradigm, th e re  is  p le n ty  o f  evidence th a t  CSs can change in  
a s s o c ia b i l i ty ,  bu t o n ly  one r e s u lt  (Baker êJl a l ,  1981) th a t  I  cou ld  
f in d ,  suggesting th a t  USs can a ls o  change in  a s s o c ia b i l i ty  (see Table 
3, Chapter 7 ) .  I t  is  in p o r ta n t to  know whether t h is  apparent 
d iffe re n c e  between CSs and USs is  due to  t h e i r  d i f f e r e n t  in t r in s ic  
m o tiv a t io n a l p ro p e rt ie s  ( ie ,  n e u t r a l : h ig h ly  a p p e t it iv e  o r a v e rs iv e ),
o r due to  th e  fa c t  th a t  the  CSs have been a c t in g  as E ls , and the  USs 
as E2s.
To ta c k le  th is  q u e s tio n , i t  is  necessary to  deve lop a procedure 
in  which a US can r e l ia b ly  fu n c t io n  as an El in  a way th a t  is  easy to  
re c o rd . This is  th e  purpose c f  th e  fo llo w in g  fo u r  p i l o t  experim ents. 
I t  seemed se n s ib le  to  t r y  to  make the  shock a d is c r im in a t iv e  s tim u lu s , 
so th a t  a CS th a t  comes a f te r  a shock is  rewarded, b u t when the  CS is  
presented w ith o u t the  shock, i t  is  n o t.  In  t h is  way, the  shock should 
become an e f fe c t iv e  El when th e re  is  g re a te r responding in  the  CS when 
s ig n a lle d  by the  shock.
This bas ic  approach is  s im ila r  to  the  one th a t  Lawrence (1949) 
used in  h is  work w ith  mazes. He gave ra ts  a sim ultaneous 
d is c r im in a t io n  in  which a se t o f cues were needed to  so lve the  ta s k . 
L a te r ,  he gave the  same ra ts  a successive d is c r im in a t io n .  The ra ts
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le a m t  t h is  much q u ic k e r i f  the  ta s k  invo lved  the  same cues as b e fo re . 
Th is  le a rn in g  to  a tte nd  to  p a r t ic u la r  s t im u li  is  c a lle d  the  'a cq u ire d  
d is t in o t iv e n e s s  o f c u e s '.
l a i  BILOT 1
In  th is  i n i t i a l  p i lo t ,  I  sought a procedure in  which 
l ig h t s  cou ld  a c t as d is c r im in a t iv e  s t im u l i .  Th is was 
because I  though t a l i g h t  would much more re a d i ly  a c t as a 
d is c r im in a t iv e  s tim u lu s , than a shock would. So, one l i g h t  
s ig n a lle d  tone t r i a l s  in  which food was a v a ila b le ,  and 
another s ig n a lle d  unrewarded tone t r i a l s .  In  t h is  p i lo t ,  
sugar s o lu t io n  was presented a u to m a tic a lly , and I  s im p ly  
measured the  tim e the  ra ts  spent w ith  t h e i r  noses in  the 
magazine t ra y .
Method
S u b je c ts ; 4 anim als from  Group L, Experiment 3 were used. 
So they had p rev ious experience o f le v e r  p re ss in g , and the 
f la s h in g  panel l ig h t s ,  the  pure tone , and the  0 .4  and 1.0 mA 
shocks. The food d e p r iv a t io n  schedule remained in  fo rc e .
Appa ra tus ; The tone and 2 l i g h t  s t im u li  were those 
described in  Experiment 7 , a l l  o f 60 sec d u ra t io n . 10^ 
sucrose s o lu t io n  was used as reward (see Experiment 9 ) .
Procedure; The 4 anim als were tra in e d  to  nose-poke f o r
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sugar reward d u rin g  th e  tone . That is ,  sugar p re s e n ta tio n  
was co n tin g e n t upon the  su b je c t a c t iv a t in g  the  t r a y - f la p  
which covered the  food magazine. Every r a t  d id  t h is  by 
poking i t s  nose in to  the  magazine. They then had 16 
sessions in  each o f which th e re  were 4 s t r ip  l i g h t — Hone 
t r i a l s ,  and sugar was n o n -c o n tin g e n tly  a v a ila b le  d u r in g  some 
o f the  tone ; and 4 panel l i g h t s — >tone t r i a l s  when th e re  was 
no sugar a v a ila b le .  For the  f i r s t  2 days, sugar was o n ly  
presented f o r  the  la s t  5 seconds o f the  tone . For days 
3-12, sugar was presented f o r  the la s t  30 sec; and f o r  the  
la s t  10 sec on days 13-16.
R esu lts
On day 16 the  mean number o f seconds in  the  magazine 
d u r in g  the  s t r i p  l i g h t  was 3 .9  (standard e r ro r ,  2 .6 ) and 2 .7  
(S .E .=2 .1 ) f o r  the  panel l ig h t s .  For the  tone in  the  50 sec 
be fo re  reward, the  anim als were in  the  magazine f o r  an 
average o f 12.4 sec (S .E .= 6 .8 ); and f o r  10.1 (S .E .=5*3)
seconds i f  sugar was n o t to  be presented in  the  la s t  10 sec 
( ie ,  a f te r  the  panel l i g h t s ) .  During sugar p re s e n ta tio n , 
the  anim als averaged 7 .9  sec (S .E .= 1 .9 ); and 2 .9  (S .E .=1 .7 ) 
in  the  correspond ing unrewarded p e rio d . Thus the  animals 
were c le a r ly  p r e fe r e n t ia l ly  e n te r in g  d u r in g  the  sugar 
p re s e n ta tio n , b u t showed l i t t l e  evidence o f a n t ic ip a t in g  
t h is ,  as tone and l i g h t  e n tr ie s  were l i t t l e  a ffe c te d  by 
subsequent reward.
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EXPERIMENT 12; PILOT 2
D uring t h is  p i lo t  s tu d y , 3 d i f fe r e n t  procedures were 
used to  answer the  fo llo w in g  qu e s tio n s ;
1 ). As in  the  prev ious s tu d y , can a l i g h t  s ig n a l when food
w i l l  be a v a ila b le  d u rin g  a tone t r i a l ,  ie ,  w i l l  the  l i g h t  be
an e f fe c t iv e  d is c r im in a t iv e  s tim u lus?
2 ) . Can a shock be used ra th e r  than the  l i g h t  as the  
d is c r im in a t iv e  s tim u lus?
3 ) .  W i l l  co nd ition ed  suppression be observed w ith  th is
procedure?
Because o f th e  f a i lu r e  o f the  la s t  p i lo t  experim ent, I  
made a number o f p rocedura l changes. Only one l i g h t
s tim u lu s  was used to  s ig n a l rewarded tone t r i a l s  ( ie ,  the  
unrewarded tone t r i a l s  were u n s ig n a lle d ) . Reward was 
o b ta in a b le  throughout th e  s ig n a lle d  tone t r i a l s ,  b u t the  
su b je c ts  had to  e n te r the  magazine to  a c t iv a te  the  sucrose 
d ispenser ( ie ,  they had to  nose-poke). Th is meant th a t  the  
ra ts  could n o t s im p ly w a it  u n t i l  they heard the  d ispenser 
be fo re  e n te r in g  th e  magazine.
Ife.t hQd
S u b je c ts ; 4 e x p e rim e n ta lly  na ive ra ts  were used, w ith  a 
fre e -fe e d in g  mean w e igh t o f 399 g (range 377-431 g ) .  They 
were reduced to  80$ o f  th e  i n i t i a l  w e ig h t.
Apparatus; As f o r  th e  la s t  p i lo t  experim ent.
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Procédureî When th e  su b je c ts  had le a rn t  to  nose-poke f o r  
sugar, they were g iven  6 days In  which sugar was o n ly  
a v a ila b le  d u rin g  8 one m inute tone p e rio d s , each day. For 
the f i r s t  2 days reward was g iven  on a CRF schedule , then a 
VR 3 schedule f o r  days 3 and 4, and a VR 10 schedule f o r  the  
la s t  2 days. There were then 11 days (days 7-T7) w ith  4 
unpa ired , unrewarded tone t r i a l s ,  and 4 panel l i g h t s — >tone 
t r i a l s  w ith  s u ^ r  a v a ila b le  on a VR 10 schedule (except on 
days 9, 10 and 11, when a VR 3 schedule was in  o p e ra tio n ) .
Both s t im u l i  la s te d  60 sec. Th is procedure should show us 
i f  the  anim als can use the  l i g h t  s tim u lu s  as a 
d is c r im in a t iv e  cue f o r  reward d u r in g  tone t r i a l s .
The next stages were aimed a t answering the  second 
q u e s tio n ; can a shock be used in  p lace o f the  l ig h t?
T he re fo re , days 18-23 were l i k e  the  p rev ious days except 
th a t  a 0.5 sec, 0 .2  mA shock was g iven im m edia te ly be fo re  
each rewarded t r i a l  and a t no o th e r tim e . The VR r a t io  was j
permanently reduced to  VR 5 on day 22. On days 24-31 the  -j
d u ra t io n  o f the  l i g h t  b e fo re  rewarded tone t r i a l s  was ' |
g ra d u a lly  reduced; the  l i g h t  on -se t remained 60 sec be fore  -it
tone o n -s e t, b u t the  l i g h t  was on f o r  a s h o r te r  and s h o rte r  j
p e rio d . For the n e x t 6 days, the  l i g h t  was em itted  ' i
a lto g e th e r , and th e  shock in te n s ity  was increased to  0 .3  mA ' |
on days 34 and 35, and to  0 .4  mA on days 36 and 37. ,
To see i f  we can observe co nd ition ed  suppression to  a J
s tim u lu s  pa ire d  w ith  shock, the  fo llo w in g  procedures were VI
employed. A nove l l i g h t  CS was used as a cue in d ic a t in g  I
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th a t  the  nose-poke— >sugar r e la t io n  was o p e ra tio n a l.  The CS 
was the  s t r ip  l i g h t  on f o r  6G sec. There were 2 days w ith  8 
s t r ip  l i g h t  t r i a l s  per day, in  which nose-poking was 
rewarded on a VR 5 schedule . On each o f days 40-45, th e re  
were 3 rewarded s t r ip  l i g h t  t r i a l s ,  3 rewarded shock— >tone 
t r i a l s ,  and 3 unrewarded tone o n ly  t r i a l s .  T r ia ls  1-3 o f 
each day conta ined one o f a l l  3 types o f t r i a l ,  as d id  
t r i a l s  4-6 and 7 -9 . The sequence o f t r i a l s  w ith in  th is  
c o n s tra in t  was v a r ie d  each day. Days 46-52 were id e n t ic a l 
in  design, except th a t  a 0 .4  mA shock im m edia te ly fo llo w e d  
th e  s t r ip  l i g h t .
JEtegultg
The f i r s t  q u e s tio n  th a t  th is  p i lo t  study addresses is  
whether a l i g h t  can a c t as a d is c r im in a t iv e  s tim u lu s , us ing  
th is  procedure. On the  la s t  day o f the  d is c r im in a t io n  
( l ig h t — >tone; rewarded; tone o n ly ; unrewarded), the  mean
response ra te  d u r in g  th e  tone on rewarded t r i a l s  was 25.5
nose-pokes/m in, and 3 .3  f o r  unrewarded tone t r i a l s .  There
is  d i f f e r e n t ia l  responding on rewarded t r i a l s  (rewarded; 
non-rewarded tone , F=21, d f= 1 ,3 , p<0.05). D uring the  l i g h t ,  
the  response ra te  was 16.2 per min compared w ith  0 .6  f o r  the  
p re -tone  m inute on unrewarded t r i a l s .  Thus, the  l i g h t
appears to  have acqu ired  e x c ita to ry  p ro p e rt ie s  ( l i g h t ;  
pre-CS p e rio d , F=14, d f= 1 ,3 , p<0.05). On day 8 o f th is
d is c r im in a t io n ,  a te s t  t r i a l  was g iven , in  which the  l i g h t  
was presented be fo re  the  tone , bu t no sugar was g iven . This
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produced a mean response ra te  o f  31 .0 . Th is  makes i t  l i k e l y  
th a t  the  d i f f e r e n t ia l  responding is  due to  knowledge th a t  
the  tone is  o n ly  rewarded a f te r  the  l i g h t ,  ra th e r  than 
s im p ly  in c re a s in g  responding a f te r  sugar has been ob ta ined .
The second aim was to  use a shock as the  d is c r im in a t iv e  
s tim u lu s  in  p lace o f the  l i g h t .  A l l  4 anim als m ainta ined 
good d is c r im in a t io n  w h ile  the  l i g h t  was faded o u t; and a lso  
w h ile  the  shock was increased to  0.4 mA. Averaged over the  
two days w ith  0 .2  mA shocks b u t no l i g h t ,  the re  were 21,4 
res ponses/min d u r in g  rewarded tones, and 5 .0  when 
unrewarded. S im ila r ly  f o r  days 36 and 37 w ith  the  0 .4  mA 
shock, th e  mean response ra te  was 22.8 nose-pokes/m in when 
rewarded, and 3 .2  when unrewarded. C le a r ly , bo th  0 .2  and 
0.4 mA shocks can be used as a d is c r im in a t iv e  s tim u lu s .
The t h i r d  and f i n a l  q u e s tio n  was whether the  0 .4  mA 
shock would now support cond ition ed  suppression. Days 44 
and 45 were the  la s t  two days in  which the shock was no t 
presented a f te r  the  s t r ip  l i g h t .  Averaged over these two 
days, th e re  were 19.0 responses/m in d u r in g  the  s t r ip  l i g h t ,
23.3 d u rin g  the  rewarded tone (preceded by the  shock), and
6 .0  d u r in g  the  unrewarded tone . Days 51 and 52 were the  6 th
and 7 th  days in  which th e  s t r ip  l i g h t  was fo llo w e d  by the
]0 .4  mA, 0 .5  sec shock; he re , the  su b je c ts  averaged 12.8 i
'responses/m in d u rin g  th e  s t r ip  l i g h t  compared w ith  22.5 and ‘
5 .0  in  the rewarded and unrewarded tones re s p e c t iv e ly .  4
T he re fo re , responding d u r in g  the  tone t r i a l s  was u n a lte re d , ’J
b u t the re  has been a drop from  19.0 to  12.8 nose-pokes/m in |
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d u r in g  the  s t r ip  l i g h t .  Th is  in d ic a te s  co nd ition ed  
suppression. However, one o f  the  fo u r  ra ts  had v i r t u a l l y  
stopped responding (0 .7  responses/m in ); and i f  t h is  r a t  is  
ignored th e  change is  from  16.7 to  16.8! A n a lys is  in d ic a te d  
th a t  th e re  was no r e l ia b le  decrease in  responding d u r in g  the 
l i g h t  w ith  th e  added shock (F<1) .
PjscusglGü
This p i lo t  experim ent has e s ta b lish e d  th a t  t h is  bas ic  
design may be s u ita b le  f o r  in v e s t ig a t in g  CS and US '
a s s o c ia b i l i ty  changes. W ith  these param eters, we can see j
Ith a t  both  a l i g h t  and a shock can a c t as a d is c r im in a t iv e  i j
s t im u lu s . However, o n ly  one o f the  fo u r  ra ts  d isp layed  t
marked co nd ition ed  suppression, to  a s tim u lu s  s ig n a l l in g  the  
shock. To produced more r e l ia b le  cond ition ed  suppress ion , ,\li
two aspects o f th e  procedure may p r o f i ta b ly  be a lte re d :  -1
'1
1). Up u n t i l  now, food had been a v a ila b le  on a v a r ia b le  ,;: j
r a t io  schedule ; th is  made the  number o f rewards obta ined -^ j
more s e n s it iv e  to  changes in  response ra te  than would a 
v a r ia b le  in te r v a l schedule . The VR schedule is  th e re fo re  i
more l i k e l y  to  m a in ta in  h ig h  le v e ls  o f respond ing , g iven the  [
J
low number o f rewards th a t  can be obta ined in  a sess ion . i
However, t h is  fa c t  w i l l  make the ra ts  ' defend t h e i r  ' i
b a s e lin e ' even when a n t ic ip a t in g  shock. There fo re , a , j
v a r ia b le  in te r v a l schedule should make i t  e a s ie r  to  : i
dem onstrate co n d itio n e d  suppression ; and so was adopted in  
subsequent experim ents. |
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2 ). S ho rte r CS d u ra tio n s  tend to  produce fa s te r  co n d ition ed  
suppression (Gibbon, Baldock, Lo cu rto , Gold and Terrace, 
1977). So a re d u c tio n  in  the  d u ra t io n  o f the  s t r ip  l i g h t  
seemed a s e n s ib le  way to  encourage c o n d it io n in g .
EXPERIMENT 12; PILGT 3.
The la s t  p i lo t  used a ve ry  lo n g , c a re fu l procedure. 
This p i lo t  was designed to  see i f  r a ts  cou ld  le a rn  to  use 
the  shock as a d is c r im in a t iv e  s tim u lus  much q u ic k e r. To 
make th is  e a s ie r , the  shock s ig n a lle d  unrewarded tone 
t r i a l s .  As discussed a t  the  end o f the la s t  p i lo t ,  a V I 
schedule was employed.
Method
S u b je c ts ; 4 e xp e rim e n ta lly  na ive  ra ts  w ith  a mean w e igh t o f 
282 g , were reduced to  80$ o f t h is  fre e - fe e d in g  w e igh t f o r  
the  d u ra tio n  o f th e  experim ent.
Apparatus and Procedure; As be fo re , a p a rt from  the  
fo llo w in g  d e ta i ls .  A f te r  t r a in in g ,  the  ra ts  nose-poked fo r  
sugar du rin g  rewarded tone t r i a l s ,  on a V I 12 sec schedule. 
They rece ived  4 days w ith  4 rewarded tone t r i a l s  and 4 
shock— >unrewarded tone t r i a l s  per day. The tones la s te d  60 
sec, and the  shocks were o f  0.4 mA in te n s ity ,  and 0 .5  sec 
d u ra t io n .
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On the  f i r s t  day o f the  d is c r im in a t io n ,  the  nose-poke 
ra te  f o r  the  p re -tone  m inute was 5 .1 /m in , and 19.1 and 12.1 
f o r  the  rewarded and unrewarded tone t r i a l s ,  re s p e c t iv e ly .  
On day 4, the  responses per m inute were 0 .6 , 25.8 and 2.1 
f o r  p re -to n e , rewarded tone and unrewarded tone t r i a l s .  We 
can see th a t  the  anim als s ta r te d  by d is p la y in g  a d if fe re n c e : 
responding more on rewarded t r i a l s .  This d if fe re n c e  became 
much more marked w ith  increased responding on rewarded 
t r i a l s ,  and g re a t ly  reduced responding be fo re  t r i a l s ,  and 
d u rin g  unrewarded t r i a l s .  Presumably, the  i n i t i a l  
d if fe re n c e  was because the  shock be fo re  unrewarded t r i a l s  
reduced responding (uncond itioned  supp re ss ion ).
N ever-the-1ess, the  shock q u ic k ly  acqu ired the  re q u is ite  
d is c r im in a t iv e  p ro p e rty .
EXPERIMENT I g i  m ô l  4
I t  is  now tim e to  conduct a more fu l l - s c a le  p i lo t  
experim ent, to  te s t  the  v ia b i l i t y  o f an experim ent to  lo ok  
in to  a s s o c ia b i l i ty  changes o f a shock due to  i t s  p re d ic t iv e  
power. As be fo re , a shock is  used as a d is c r im in a t iv e  
s tim u lu s , b u t t h is  tim e the  shock s ig n a ls  rewarded t r i a l s .  
There were many t r i a l s  (88) o f t h is  d is c r im in a t io n ,  so th a t  
in  the  f u l l  experim ent we cou ld  see i f  h a b itu a t io n  to  the
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shock re ta rde d  subsequent le a rn in g  when the  shock was a poor 
p re d ic to r .  Then, in  the  second stage , one group o f ra ts  was j
g iven  the  reverse  d is c r im in a t io n  in  which the  shock j
-1in d ic a te d  th a t  a l i g h t  t r i a l  was unrewarded, bu t l i g h t  o n ly  ; i
t r i a l s  were rewarded. The o th e r group was te s te d  us ing  a j
co nd ition ed  suppression procedure. Thus, d u r in g  stage 2, 
the  shock is  a c t in g  as an El f o r  the  f i r s t  group, and as an 
E2 fo r  the  second.
S u b je c ts ; 8 e x p e rim e n ta lly  na ive  ra ts  w ith  a mean w e igh t o f 
310 g (s .d .  = 31 g) were reduced to  85$ o f t h is  f o r  the
d u ra tio n  o f the  experim ent.
Procedure; The r a ts  were tra in e d  to  nose-poke f o r  sugar 
d u r in g  the tone . There were then 11 days, each w ith  4
unrewarded tone o n ly  t r i a l s ,  and 4, 0.4 mA, 0.5 sec
shock— >tone t r i a l s  th a t  were rewarded on a V I 12 sec 
schedule . The r a ts  were then  s p l i t  in to  2 equal groups, 
matched f o r  d is c r im in a t io n  r a t io  (see nex t paragraph) a t  the 
end o f t h is  d is c r im in a t io n  t r a in in g .  Then, a l l  r a ts  were 
g iven  8 rewarded s t r i p  l i g h t  t r i a l s  per day. For Group 1, 
the  l i g h t  la s te d  60 sec, and th e re  were 2 days o f t h is .  For 
Group 2, the  l i g h t  o n ly  la s te d  30 sec, and t h is  stage la s te d
3 days. Group 1 then  had 8 days o f the  reverse  
d is c r im in a t io n ,  4 unrewarded shock— > s tr ip  l i g h t  t r i a l s ,  and
4 rewarded s t r ip  l i g h t  t r i a l s  each day. Group 2, on the
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o th e r hand, rece ive d  3 days w ith  3 rewarded s t r ip  l i g h t  (30 
sec ), 3 rewarded shock— >tone (60 sec), and 3 unrewarded 
tone o n ly  t r i a l s .  They then had 4 s im ila r  days, b u t w ith  an 
a d d it io n a l shock im m edia te ly  a f te r  the  o f fs e t  o f the  l i g h t .
The d is c r im in a t io n  r a t io  was de fined  as B /(A+B), where 
B is  the  nose-poke ra te  (o r  tim e to  f i r s t  e n try )  on rewarded 
t r i a l s ,  and A is  the  ra te  (o r  tim e) d u r in g  unrewarded 
t r i a l s .  So f o r  nose-pokes, p e r fe c t d is c r im in a t io n  would 
g ive  a score o f 1 .0 , and in d is c r im in a te  responding , 0.5? and 
f o r  tim e to  f i r s t  e n try ,  0 .0  rep resen ts  p e r fe c t performance. 
A lso , a suppression r a t io  was de fined  as C/(C+B), where C is  
the ra te  (o r  tim e to  f i r s t  e n try )  d u r in g  the  (rewarded) 
l i g h t ,  and B is  the  ra te  (o r  tim e ) d u rin g  the  rewarded tone . 
When the re  were no e n tr ie s  on a t r i a l ,  the  tim e to  f i r s t  
e n try  was g ive n  as the  le n g th  o f the  t r i a l .
The successive d is c r im in a t io n  r a t io s  in  2 day b locks 
f o r  the  i n i t i a l  tone unrewarded, shock— >tone rewarded ta s k , 
were 0 .48 , 0 .66 , 0 .78 , 0.85 and 0 .85 . So responding changed 
from  chance le v e l on days 1 and 2 , to  r e a l ly  ra th e r  good 
s e le c t iv i t y  over th e  la s t  few days. Th is e f fe c t  o f B locks 
was h ig h ly  s ig n i f ic a n t  (F=36, d f= 4 ,28 , p<0.0001).
For the  te s t  re s u lts ,  two response measures were used. 
F i r s t ,  the number o f nose-pokes per t r i a l ,  as used 
p re v io u s ly ; and second, the  tim e from  the  onset o f  the  l i g h t  
to  the  f i r s t  nose-poke. The advantage o f u s in g  tim e to
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f i r s t  e n try  is  th a t no rewards can have been obtained on 
th a t  t r i a l  b e fo re  the  f i r s t  nose-poke: th e re fo re , w ith in
t r i a l  le a rn in g  ( ie ,  th a t  reward is  a v a ila b le )  does no t 
confound the  d a ta .
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FIGURE I 81 Experiment 12, P ilo t  4, Group 1: 
A q u ls ltlo n  of the reverse d iscr im ination  
using both response measures.
Group 1 were g iven  a new reve rse  d is c r im in a t io n  (see 
F igu re  18) ,  W ith  the number o f responses as da ta , the re  was 
a d is c r im in a t io n  r a t io  o f  0 .33 on day 1. So th e re  was 
a c tu a l ly  le s s  responding on rewarded them non-rewarded
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t r i a l s  to  beg in  w ith ,  in d ic a t in g  th a t  the  anim als expected 
reward a f te r  the  shock. This is  d e sp ite  th e  fa c t  th a t 
rewarded t r i a l s  were id e n t ic a l to  the  rewarded 
p re -d is c r im in a tio n  t r i a l s ,  and the  non-rewarded t r i a l s  were 
n o t! However, by day 3, the  su b je c ts  made more responses in  
rewarded than non-rewarded t r i a l s ;  and the  d is c r im in a t io n  
r a t io  g ra d u a lly  rose to  0.92 on day 8. T h is  Days’ e f fe c t  
was s ig n if ic a n t  (F=20, d f= 7 ,2 1 , p<0.0001). So was the
e f fe c t  o f P a irs  o f t r i a l s  (F=10, d f= 3 ,9 , p<0 .01); th a t  is ,  
the  d is c r im in a t io n  r a t io  averaged over a l l  days fo r  the  
f i r s t  rewarded and f i r s t  non-rewarded t r i a l s  was 0 .59 , and 
0.73 f o r  the  fo u r th  and la s t  p a ir  each day. I  do no t know 
whether t h is  d iffe re n c e  is  due to  o v e r-n ig h t fo rg e t t in g ,
s im p ly  an a r te fa c t  o f an o rd e r ly  a c q u is it io n  curve , o r  is  
caused by something e ls e .
The da ta  f o r  th e  tim e to  f i r s t  e n try  gave a s im ila r  
le a rn in g  curve  (0.61 on day 1, to  0.19 on day 8 ). Here, 
successfu l le a rn in g  im p lie s  a q u ick  f i r s t  e n try  on rewarded 
t r i a l s ,  and slow e n try  on unrewarded t r i a l s .  The e f fe c t  o f 
Days was s ig n i f ic a n t  (F=6.4, d f= 7 ,21 , p ,0 .0001), bu t the
e f fe c t  o f p a irs  o f t r i a l s  was n o t (F = 1 .2 ).
Group 2 was te s te d  w ith  a cond ition ed  suppression
procedure, us in g  the  shock as an E2 (see F igu re  19). On the  
la s t  day th a t  Group 2 d id  no t re ce ive  shocks a f te r  rewarded 
l i g h t  t r i a l s ,  the  response ra te  was 21 .5 , 20.3  and 3 .0 /m in  
f o r  l i g h t ,  rewarded and unrewarded tones re s p e c t iv e ly .  On
the fo u r th  day w ith  a shock a f te r  the  l i g h t  ( ie ,  a f te r  9
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FIGURE I9 i Experiment 12, P ilo t  A, Group 2t 
Conditioned suppression to  the lig h t,  
using both response measures.
l i g h t — >shock t r i a l s ) ,  the  comparable va lues were: 1 .2 ,
24 .2 , and 3 .5  nose-pokes per m in. Thus, the  responding in  
the l i g h t  was p r a c t ic a l ly  a bo lished , whereas d u r in g  bo th  
types o f tone t r i a l  responding was u n a ffe c te d .
T h is  was confirm ed by a n a ly s is . The d is c r im in a t io n  
r a t io  comparing rewarded and non-rewarded tone t r i a l s  gave 
va lues on the  4 t e s t  days o f  0 .88 , 0 .94 , 0.89 and 0.89 f o r  
response ra te s .  So, th e re  was no e f fe c t  o f  Days (F < 1).
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L ikew ise  fo r  tim e to  f i r s t  e n try ,  the  d is c r im in a t io n  r a t io  
was 0 .21 , 0 .16 , 0.23 and 0.17 on the  4 days (F<1).
A comparison between the  response ra te  d u r in g  the  l i g h t  
and the  rewarded tone t r i a l s  gave a suppression r a t io .  For 
response ra te s , t h is  r a t io  was 0 .46 , 0 .30, 0.20 and 0.03 f o r  
the successive days, producing a s ig n if ic a n t  Days’ e f fe c t  
(F=11, d f= 3 ,9 , p<G.01). S im ila r ly  f o r  tim e to  f i r s t  e n try , 
the  r a t io  across the  days was 0 .63 , 0 .76 , 0.90 and 0 .95 , 
in d ic a t in g  a t  th e  end ve ry  lo ng  de lays be fo re  the  f i r s t  
nose-poke on l i g h t  t r i a l s .  This e f fe c t  o f  Days was h ig h ly  
s ig n if ic a n t  (F=48, d f= 3 ,9 , p<0.0001).
I t  is  w o rth  n o tin g  th a t  on the la s t  day, these ra ts  
responded a t 11.3 nose-pokes per m inute f o r  th e  30 see a f te r  
the rewarded tone had te rm in a te d , bu t a t  26.0 pokes/m in 
a f te r  the  l i g h t .  Thus the  shock ( a f te r  the  l i g h t )  appears 
to  increase respond ing , even when no tone is  presented. 
That is  to  say, the  shock has acqu ired e x c ita to ry  
p ro p e r t ie s , and is  n o t s im p ly  a c t in g  as an occasion s e t te r .  
Th is suggests th a t  a shock can s im u ltaneous ly  have ave rs ive  
and a p p e t it iv e  p ro p e r t ie s . I t s  ave rs ive  na tu re  causes 
suppression o f nose-poking d u rin g  the  l i g h t ,  and i t s  
a p p e titiv e n e s s  causes increased responding a f te r  i t s  
occurrence.
CoDGlUglon
Both groups d isp la yed  good le a rn in g  curves. So we can 
lo o k  fo r  shock a s s o c ia b i l i ty  changes by te s t in g  w ith  a
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reverse  d is o r im in a tio n , and a lso  us ing  co nd ition ed
suppression.
EXPERIMENT 12
The p i lo t  experim ents have shown th a t a shock can p re d ic t  the  j
presence, o r absence o f food . When a shock ac ts  as an El i t s  ' j
a s s o c ia b i l i ty  may a l t e r .  This experim ent uses a reverse  
d is c r im in a t io n  to  te s t  t h is ,  w h ile  Experiment 13 employs a co nd ition ed  
suppression techn ique . W ith  both  experim ents, th e re  is  the  problem 
th a t  the  shock w i l l  be a s s o c ia tie d  w ith  the  presence o r absence o f 
food . This a s s o c ia tio n  may a f fe c t  how q u ic k ly  the  ra ts  le a rn  a 
reve rse  d is c r im in a t io n ,  o r  a co nd ition ed  suppression ta s k . That is ,  
p a ir in g  the  shock w ith  food w i l l  endow the  shock w ith  a p p e t it iv e  
p ro p e r t ie s , and t h is  may re ta rd  a c q u is it io n  o f a subsequent CS-shock 
a s s o c ia tio n  (Bearing and D ick in son , 1979). L ikew ise , i f  the  shock 
p re d ic ts  the  absence o f food , i t  may become more a v e rs iv e , and so lead 
to  fa s te r  c o n d it io n in g .
The a c q u is it io n  c f  a shock-food a s s o c ia tio n  means th a t we cannot 
s im u ltaneous ly  te s t  the  M ackin tosh-type and P e a rce -H a ll-typ e  th e o r ie s . 
The con c lus ion  to  Chapter 9 suggested th a t  we chose between a 
M ackin tosh-type th e o ry , and the n u l l  hypo thes is . So, t h is  experiment 
is  designed to  te s t  th e  M ackin tosh -type theo ry  (see Table 15). In  
stage 1, the  P red ic ted  Group has a shock w hich always precedes 
rewarded tone t r i a l s .  In  the  N on-pred icted Group, the  shook is
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fo llo w e d  by the  tone which is  randomly rewarded h a l f  the tim e . And, 
in  the  Unpaired Group the shock is  always presented on i t s  cwn. The 
o b je c t o f the  experim ent is  to  see how these p re -trea tm e n ts  a f fe c t  the  
shock’ s a b i l i t y  to  in d ic a te  non-reward on subsequent l i g h t  t r i a l s  
(s tage 2 ) . A M ackin tosh -type  theo ry  p re d ic ts  fa s te s t  le a rn in g  o f th e  
s tage 2 d is c r im in a t io n  in  the  P red ic ted  Group.
TABLE 15s DESIGN OF EXPERIMENT 12





Sh—^ T—+, T—+ 
Sh, T+, T—
Sh—^ L—, L+ 
Sh—^ L—, L+ 
Sh—^ L—, L+
Key: Sh = shock, T = tone, L = l i g h t ,  + = rewarded t r i a l ,  
-  = unrewarded, -+ = rewarded on h a l f  the  t r i a l s .
L e t us app ly  th e  Mackintosh and Pearoe-Hall th e o r ie s  to  a shock 
employed as an El ( ie ,  as i f  the shock can be tre a te d  l i k e  CSs in  
t h e i r  th e o r ie s ) * .  The M ackintosh theory  cla im s b e t te r  p re d ic to rs  have 
g re a te r  a s s o c ia b i l i t y ,  so we m ight expect Group P to  shew q u ic k e s t
*  M ackintosh (1975a) d id  no t say whether th is  can happen; bu t Pearce 
and H a ll (1980) e x p l i c i t l y  re je c te d  the idea th a t  USs can change in  
a s s o c ia b i l i ty .
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le a rn in g  d u r in g  stage 2 , as the  ra ts  have le a rn t  to  pay a t te n t io n  to  
the  shook in  stage 1* On th e  o th e r hand, Pearoe and H a ll s ta te  th a t  
s t im u l i  have h ig h e r a s s o c ia b i l i ty  when the  events th a t  fo l lc w  are 
s u rp r is in g .  I f  th is  a ls o  a p p lie s  to  shocks, then  Group N should le a rn  
stage 2 fa s te s t ,  as they never knew which t r i a l s  were going to  be 
rewarded in  stage 1. Both l in e s  o f reasoning p re d ic t  th a t  Group U 
should be the  s low est as the  ’ n o th in g ' th a t  fo llo w s  the  shock is  
expected, and b e t te r  p re d ic te d  by the  con tex t than th e  shook; ie ,  the  
f u l l  US pre-exposure e f fe c t  should occur in  t h is  group. In  Group P, 
the  shook w i l l  be assoc ia ted  w ith  food . This should make i t  harde r to  
le a m  the d is c r im in a t io n  in  stage 2. So, i f  Group N le a rn s  fa s te s t ,  
we won’ t  knew i f  i t  is  f o r  th is  reason, o r  because o f a 
P e a rce -H a ll-typ e  e f fe c t .
S u b je c ts ; The 24 e xp e rim e n ta lly  na ive ra ts  th a t  were used, had a mean 
fre e - fe e d in g  w e igh t o f  356 g (s .d .  = 21 g ) .  They were reduced to  80%
o f t h e i r  i n i t i a l  w e ig h t.
Apparatus; As in  Experiment 9*
Procedure; A l l  su b je c ts  were tra in e d  to  nose-poke f o r  sucrose reward. 
A l l  subsequent d a i ly  sessions had 8 t r i a l s  in v o lv in g  a 60 sec 
s tim u lu s , spaced th roughout th e  1 hour sess ion . In  stage 1, the  
s tim u lu s  was the  r a p id ly  pu lsed tone ; and in  stage 2 , the  s t r i p  l i g h t  
was used. On th e  f i r s t  two days w ith  the  tone , a l l  t r i a l s  were 
rewarded; a CRF schedule was employed on the  f i r s t  day, and a V I 12 
sec schedule on th e  second. The anim als were then assigned to  th e  3
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groups by matching in  t r io s ,  accord ing  to  t h e i r  o v e ra l l nose-poke ra te  
d u r in g  the  tones on the  second tone day. There were 11 stage 1 days. 
A l l  groups, on each day, rece ived  4 tones in  which food was a v a ila b le  
on the  V I 12 schedule , and 4 unrewarded tone t r i a l s .  Every group a lso  
was presented w ith  4 , 0 ,4  mA, 0 ,5  sec shocks per day. For Group P, 
these were presented im m edia te ly be fo re  the  rewarded t r i a l s ;  f o r  Group 
N, two shocks were be fo re  rewarded, and 2 be fo re  unrewarded t r i a l s .  
Group U had a shock some tim e a f te r  each t r i a l  on which Group N had 
been shocked, bu t be fo re  the  next t r i a l .  Thus, f o r  Group U, the  
shocks and tone were e x p l i c i t l y  unpa ired , never o c c u rr in g  le s s  than 30 
sec a f te r  the  designated t r i a l ,  o r  w ith in  90 sec o f the  next t r i a l .
A l l  su b je c ts  were then g iven  2 days w ith  8 s t r ip  l i g h t  t r i a l s  
rewarded on the  V I 12 schedule . Th is was fo llo w e d  by the  stage 2 te s t  
t r i a l s .  There were 6 days o f t h is ,  in  which the  4 rewarded l i g h t  
t r i a l s  were u n s ig n a lle d , and th e  4 unrewarded l i g h t  t r i a l s  fo llo w e d  
the  shock,
Beaults aM  Pigçugslon
On day 1 o f  stage 1, th e  d is c r im in a t io n  r a t io s  us ing  the  
nose-poke data were 0,54 f o r  Group P, 0,55 f o r  Group N, and 0,46 f o r  
Group Ü; and by the  la s t  day, these scores had changed to  0 .89 , 0.47
and 0,53 re s p e c t iv e ly .  C le a r ly , o n ly  Group P le a rn t  to  respond 
d i f f e r e n t ia l l y  on rewarded t r i a l s .  An ANOVA confirm ed th is  w ith  
s ig n if ic a n t  e f fe c ts  o f  Groups (F=118, d f= 2 ,21 , p<0,0001). Days (F=3.5, 
df=10,210, p<0,001), and Group *  Days in te ra c t io n  (F=5.3, d f=20,210,
p<0,0001).
The tim e to  f i r s t  e n try  data  to ld  a s im ila r  s to ry .  On day 1, the
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d is c r im in a t io n  r a t io s  were 0 .54 , 0*40 and 0.54 f o r  Groups P, N, and Ü 
re s p e c t iv e ly ;  and on the  la s t  t r a in in g  day, the  comparable f ig u re s  
were 0 .13 , 0.41 and 0 .44 . The e f fe c ts  o f Group (F=32, d f= 2 ,2 1 ). Days 
(F=4.8, d f=10,210), and the  In te ra c t io n  (F=4.6, d f=20,210) were a l l
s ig n if ic a n t  (ps<0.0001); in d ic a t in g  th a t  Group P had le a rn t  to  e n te r 
the  magazine fa s te r  on rewarded than unrewarded t r i a l s ,  bu t the  o th e r  
groups were unable to  le a rn  t h is ,  as the  shock was no t p re d ic t iv e .
One fu r th e r  a n a ly s is  was undertaken on the  stage 1 da ta . Group N 
was rewarded e q u a lly , whether o r n o t a shock had occurred im m ediate ly 
be fo re  the tone . However, the  shook may cause a re d u c tio n  in  
responding due to  fe a r  o r by e l i c i t i n g  competing behaviours; 
a l te r n a t iv e ly ,  the  shock may increase  responding , as i t  is  a s ig n a l 
f o r  food (on 50% o f occa s ions). Averaged over th e  la s t  3 stage 1 
days, the mean number o f nose-pokes in  shocked t r i a l s  was 19.5, and 
14.5 when n o t shocked. This d iffe re n c e  was s ig n if ic a n t  (F=16, d f= 1 ,7 , 
p<0.005). Presumably, the  shock had become a p re d ic to r  o f food . 
Computing a 'd is c r im in a t io n  r a t i o ' as i f  the  shocked t r i a l s  were 
rewarded, and non-shocked ones unrewarded, gave a r a t io  o f 0 .59 . So 
the  d iffe re n c e  in  shock:non-shock t r i a l s  is  no t as g re a t in  Group N as 
in  Group P (w ith  a r a t io  o f  0.87 f o r  the  correspond ing p e r io d ) .  
A n a lys is  comparing Groups P and N, over these th re e  days, demonstrated 
a la rg e  Group e f fe c t  f o r  shock: no-shock d is c r im in a t io n  r a t io s  (F=78,
d f= 1 , l4 ,  p<0.0001).
On the  secoikl day o f l i g h t  a c q u is it io n .  Group P averaged 17.0 
pokes/m in. Group N, 17 .1 , and Group Ü, 19.1. E v id e n tly  the re  was no 
Group d iffe re n c e  in  l i g h t  a c q u is it io n  (F =1 .3 ).
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FIGURE 20. Experiment 12# Nose-poke data 
analyzed as a mean d iscr im ination  r a t io  
fo r the 6 days o f tes t (stage 2).
seen In  F igu re  20; and In  F igu re  21, a re  the  r a t io s  f o r  tim e to  f i r s t  
e n t r y .  On day 1, Group Ü shows g re a te r , q u ic k e r responding d u r in g  
rewarded l i g h t  t r i a l s  than d u rin g  unrewarded. T h is  group may have 
responded le s s  d u rin g  shock t r i a l s  because I t  was a v e rs lv e , because 
the  shock was e x p l ic i t l y  unpaired w ith  food In  stage 1, o r  because 
these s h o c k - lig h t t r i a l s  a re  d i f fe r e n t  fnom th e  p re v io us  rewarded 
l i g h t  o n ly  t r i a l s .  The o th e r two groups d isp la ye d  the  o pp os ite  
tendency on day 1, w ith  g re a te r , q u ic k e r responding on unrewarded
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t r i a l s .  D oubtless, t h is  Is  because the  shock had preceded food t r i a l s  
d u r in g  the t r a in in g  s tage . For response ra te ,  a l l  groups f in is h e d  
w ith  a d is c r im in a t io n  r a t io  o f about O.85. W ith  the  d is p a ra te  
s ta r t in g  r a t io s ,  when analysed, t h is  convergence o f d is c r im in a t io n  
r a t io s  meant th e re  was a Group » Days In te ra c t io n  (F=6.8, d f= 1 0 ,105, 
p<0.0001), as w e ll as e f fe c ts  o f  Group (F=22, d f= 2 ,2 1 , p<0.0001), and 
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FIGURE 21. Experiment 12# Data fo r time  
to  f i r s t  en try , analyzed as a mean 
d is cr im in a tio n  r a t io  fo r stage 2.
s im i la r ly ,  w ith  th e  tim e  to  f i r s t  e n try  da ta  on day 1, Group P
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was much th e  s low est to  e n te r on rewarded t r i a l s  (0 .8 0 ), w ith  Group N 
ne x t (0 .6 0 ), and Group U, fa s te s t  (0 .4 0 ). T h e re a fte r , a l l  groups 
Improved t h e ir  d is c r im in a t io n ,  producing a la rg e  Days’ e f fe c t  (F=15, 
d f=5,105, p<0.0001), bu t a lthough  the  group means appeared to  converge 
s l ig h t ly ,  th e  Group *  Days in te ra c t io n  was no t s ig n if ic a n t  (F = 1 .6 ). 
As expected, the  e f fe c t  o f  Groups (F=25, d f= 2 ,2 1 , p<0.0001) was h ig h ly  
s ig n i f ic a n t .
Gonoluelpn
This experim ent was designed so th a t  any a p p e t it iv e  c o n d it io n in g  
to  the shock would work aga ins t a M ackin tosh-type r e s u l t .  
U n fo rtu n a te ly , t h is  a p p e t it iv e  c o n d it io n in g  was ve ry  s u b s ta n t ia l,  so 
the groups s ta r te d  stage 2 w ith  d isp a ra te  d is c r im in a t io n  r a t io s .  So, 
a lthough  the  le a rn in g  curves were good, e s p e c ia lly  w ith  the  nose-poke 
da ta , the  d i f fe r e n t  I n i t i a l  r a t io s  mean th a t  t h is  experim ent has n o t 
been a good te s t  o f the  hypo thes is  th a t  shocks can change In  
a s s o c la b i l i ty .
The p rev ious  experim ent endeavoured to  demonstrate a s s o c la b i l i ty  
changes o f a shock as a fu n c t io n  o f I t s  p re d ic t iv e  n a tu re ; th a t  Is  as 
an E l.  To do t h is ,  a shock was made to  p re d ic t  the  a v a i la b i l i t y  o f 
food d u rin g  a tone ; then the  p o s s ib i l i t y  o f  an Increased ra te  o f 
le a rn in g  about the  shock, was te s te d  w ith  a reverse  d is c r im in a t io n  In
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which the  shock p re d ic te d  the  absence o f food d u rin g  a l i g h t .
However, the re  was a tendency to  c a rry  on responding more a f te r  the
shock le ,  th e re  was nega tive  t ra n s fe r  between the  two ta sks . This 
neg a tive  t ra n s fe r  would mask any a s s o c la b i l i ty  changes th a t  may have 
taken p lace .
Th is experim ent a ttem pts  to  c ircum vent th is  problem. Rather than 
te s t in g  the  p u ta t iv e  a s s o c la b i l i ty  change by a reverse  d is c r im in a t io n ,  
a cond ition ed  suppression procedure was used in s te a d . So even though 
the  P red ic ted  Group would a n t ic ip a te  food a f te r  the  shock, the  shock 
I t s e l f  would probab ly  s t i l l  be ju s t  as p a in fu l;  and may support 
cond ition ed  suppression as w e ll as groups w ith o u t coun te r 
c o n d it io n in g . As was noted In  the  la s t  p i lo t  experim ent, a p p e t it iv e  
and ave rs lve  p ro p e rt ie s  d id  n o t cancel o u t;  a lthough  co n d itio n e d  
suppression to  shock can be reduced by p re v io u s ly  endowing the  shock 
w ith  a p p e t it iv e  p ro p e rt ie s  (Bearing and D ick inson , 1979). So the  
P red ic ted  Group should suppress q u ic k e r, i f  th e re  Is  g re a te r shock 
a s s o c la b i l i ty  In  t h is  group, d e sp ite  the  shock-food a s s o c ia tio n . I t  
was thought d e s ira b le  to  con tinue  s u b m ittin g  th e  anim als to  the  
I n i t i a l  d is c r im in a t io n  th roughout te s t in g  (see Table 16). Th is  
enables us to  see I f  th e  shock con tinues to  be a good p re d ic to r  o f 
food d u rin g  a c q u is it io n  o f co n d itio n e d  suppress ion , and to  use the  
response ra te  d u r in g  rewarded tone t r i a l s  as a comparison f o r  th a t  in  
l i g h t — >shock t r i a l s .
Msthod
S u b je c ts ; 24 e xp e rim e n ta lly  na ive  ra ts  w ith  a mean fre e - fe e d in g  
w e igh t o f  352 g (s .d .=  25 g ) were g ra d u a lly  reduced to  80^ o f these
va lu e s , be fo re  th e  experim ent began.
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TABLE 16: DESIGN OF EXPERIMENT 13
Stage 1 Stage 2
(many t r i a l s )  (many t r i a l s )
Stage 3 
(many t r i a l s )
Group P Sh—^ T+i T— Sh—^ T+, T—, L+ Sh—^T+, T—, L+~^Sh
Group N Sh—)T—+, T—+ Sh—i^T—4', T—+, L+ Sh—^T—+, T—+, L+—^Sh
Group 0 Sb—, T+j T— Sh—, T+, T—, L+ 8b—, T+, T—, L+—^Sh
Key; 8b = shock, T = tone , L = l i g h t ,  + = rewarded t r i a l ,
-  = unrewarded t r i a l ,  -+  = rewarded on h a l f  the  t r i a l s ,
A pparatus: As b e fo re . The s t r ip  l i g h t  la s t in g  30 sec was used as the
l i g h t  s tim u lu s . The tone s tim u lu s  remained o f 60 sec d u ra t io n .
Procedure: A f te r  le a rn in g  to  nose-poke fo r  sucrose rw a rd  d u rin g  the
to n e , the ra ts  were g iven the 11 days o f stage 1. In  t h is  and a l l  
subsequent s tages, a l l  rewarded t r i a l s  had food a v a ila b le  on a V I 12 
sec nose-poke schedule* In  stage 1, a l l  groups had 4 rewarded, and 4 
unrewarded tone t r i a l s  each day. For Group P, a l l  rewarded (and no 
unrewarded) t r i a l s  were preceded by a 0 .4  mA, 0 .5  sec shock. Group N 
had h a l f  o f bo th  rewarded and unrewarded t r i a l s  preceded by a shock; 
and f o r  Group D, the  4 shocks per day were e x p l ic i t l y  unpa ired  w ith  
a l l  the  tone t r i a l s .
201
There were then 4 days w ith  8 rewarded l i g h t  t r i a l s  per day.
A f te r  th a t ,  in  stages 2 and 3, th e re  were 3 rewarded l i g h t  t r i a l s ,  and
3 rewarded and 3 unrewarded tone t r i a l s  each day. W ith  respect to  the  
tone t r i a l s ,  shocks were presented f o r  the  3 groups e x a c tly  the  same 
as In  stage 1. On the  3 stage 2 days, the  l i g h t  t r i a l s  were no t
associa ted  w ith  shock, bu t in  stage 3, which la s te d  4 days, a l l  l i g h t
t r i a l s  were im m ediate ly fo llo w e d  by a shock.
R esu lts  snd D iscuss ion
On day 1 o f s tage 1, the  nose-poke d is c r im in a t io n  ra t io s  were 
0.56 f o r  Group P, 0.45 f o r  Group N, and 0.52 f o r  Group U. On the  la s t  
stage 1 day, these r a t io s  were 0 .93 , 0.49 and 0.52 re s p e c t iv e ly .  The 
inprovement in  Group P over days was re f le c te d  by the  s ig n if ic a n t  
e f fe c ts  (ps<0.001) o f  Groups (F=59, d f= 2 ,2 1 ). Days (F=3.5, d f=10,210)
and the  in te ra c t io n  (F=4.6, d f= 20 ,210 ). S im ila r ly ,  tim e to  f i r s t  
e n try  data produced d is c r im in a t io n  r a t io s  o f 0 .55 , 0.55 and 0.46 f o r  
Groups P, N and Ü, on th e  f i r s t  day. On the  la s t  stage 1 day, the  
comparable r a t io s  were 0 .15 , 0*49 and 0 .47 . So, t h is  response measure 
a ls o  In d ic a te s  good le a rn in g  f o r  Group P, b u t chance le v e ls  f o r  the  
o th e r groups.
As In  the  p rev ious  experim ent. Group N In  stage 1, demonstrated 
g re a te r responding on shocked t r i a l s  ( fo r  the  la s t  3 days, shock; 
no-shock e f fe c t ,  Fz9.1 , d f= 1 ,7 , p<0 .02). This g ives a shock; no
shock 'd is c r im in a t io n  r a t i o ’ o f 0.63 f o r  the la s t  3 days; s t i l l  
s u b s ta n t ia l ly  le s s  than the  0.92 r a t io  f o r  Group P In  th e  same p e rio d .
The data f o r  a c q u is it io n  o f  the  l i g h t — >food a s s o c ia tio n  threw  up 
a cu rio u s  r e s u l t .  On the  f i r s t  day, the  mean number o f e n tr ie s  per
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t r i a l  were 0.4 f o r  Group P, 2 .4 , Group N, and 3 .9  f o r  Group Ü. So 
Group P appeared to  le a rn  th is  a s s o c ia tio n  s lo w es t, and Group Ü, 
fa s te s t .  By day 4, the  scores were 8 .7 , 7 .4 , and 7 .9  re s p e c t iv e ly .
A n a lys is  o f responding d u r in g  the  l i g h t  revea led  a s ig n if ic a n t  e f fe c t
o f Days (F=50, d f= 3 ,6 3 , p<0.0001) as expected, and a ls o  a s ig n if ic a n t  
Group *  Days In te ra c t io n  (F=2.8, d f= 3 ,63 , p<0.05). A Newman-Keuls 
te s t  In d ic a te d  th a t  t h is  In te ra c t io n  was due to  d iffe re n c e s  between
Groups P and Ü on day 1 (p<0.001), and on day 2 (p<0.005). Taken a t
face  v a lu e , t h is  r e s u lt  seems to  in d ic a te  th a t anim als th a t  have had 
food w e ll p re d ic te d  may be slow er to  le a rn  new CS— >food a s s o c ia tio n s . 
Perhaps, t h is  is  because o f low er responding o u ts id e  the  CS, as ra ts  
in  Group P knew th a t  food is  u n a va ila b le  o u ts id e  the  tone t r i a l s .  On 
the  la s t  day o f stage 1, Group P averaged 1.8 nose-pokes/m ln d u rin g  
the  m inute be fore  rewarded tone t r i a l s .  C orrespond ing ly , Group N had 
a ra te  o f 3 .6 /m in , and Group Ü, 4 .2 . These d iffe re n c e s  were 
m ainta ined th rough  stage 2 (1 .3 , 3 .1 , and 3 .3  responses/m in f o r  Groups 
P, N and U ), and stage 3 (1 .9 , 5 .5 , and 5 .1 , re s p e c t iv e ly ) .  A n a lys is  
showed a group d iffe re n c e  in  stage 2 (F=4.1, d f= 2 ,2 1 , p<0 .05), and 
ju s t  sh o rt o f a s ig n i f ic a n t  d if fe re n c e  In  stage 3 (F=3.4, d f= 2 ,21 ,
p=0.053).
The d is c r im in a t io n  r a t io  between rewarded and unrewarded tone 
t r i a l s  was c a lc u la te d  f o r  the  la s t  day o f stage 2, and a l l  stage 3 
days. For stage 2 ’ s la s t  day, these ra t io s  f o r  nose-poke ra te  were 
0 .94, 0.51 and 0.52 f o r  Group P, N and Ü, and 0 .15 , 0.50 and 0.45 f o r
the  tim e to  f i r s t  e n try  da ta . Both measures gave s ig n if ic a n t  group 
d iffe re n c e s  (Fs>15, d f= 2 ,2 1 , ps<0.001). L ike w ise , the  mean
d is c r im in a t io n  r a t io s  f o r  nose-poke in  stage 3 were 0 .93 , 0.47 and
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0*54 f o r  the  3 groups, and w ith  seconds to  f i r s t  e n try , the  
correspond ing r a t io s  f o r  Groups P, N and Ü were, 0 .20 , 0.50 and 0.50 
(Fs>35, d f= 2 ,21 , ps<0.0001). C le a r ly , the  shock remained a good
p re d ic to r  o f food d u r in g  tone t r i a l s  f o r  Group P. So I f  t h is  leads to  
g re a te r  a s s o c la b i l i ty ,  we should expect Group P to  suppress fa s te s t .
On the  la s t  day o f stage 2, I  ca lc u la te d  a suppression r a t io  
(L / [L  + T + ]) ,  where L Is  the  response ra te  d u rin g  the  l i g h t ,  and is  
the response ra te  d u r in g  rewarded tone t r i a l s .  Th is  r a t io  was 0 .40 , 
0.53 and 0.54 f o r  Groups P, N, and Ü, in  terms o f nose-poke response 
ra te s .  Th is  group d if fe re n c e  (F=4.0, d f= 2 ,21 , p<0.05), was shown to  
be between Group P, and the  o th e r groups (Newman-Keuls, Group P: 
Group N, p<0.05; and Group P; Group Ü, p<0.05). Group P was 
responding slower in  the  l i g h t  than in  rewarded tone t r i a l s ,  bu t the  
o th e r groups were n o t.  Using tim e to  f i r s t  e n try ,  gave r a t io s  o f 
0 .75 , 0 .61, and 0 .65 , in d ic a t in g  th a t  a l l  3 groups were slow er to  make 
t h e i r  f i r s t  nose-poke d u r in g  the  l i g h t  than rewarded tone t r i a l s .  
Perhaps th is  Is  because they o r ie n te d  to  the  l i g h t  be fo re  responding, 
o r  perhaps because they have had few er l i g h t  t r i a l s  so th a t  the  
l i g h t — >food a s s o c ia tio n  is  weaker than the  tone— >food a s s o c ia tio n . 
W ith  tim e to  f i r s t  e n try ,  the group d iffe re n c e  ju s t  f e l l  sh o rt o f 
s ig n if ic a n c e  (F=3.2, d f= 2 ,2 1 , p=0 .06).
Of p rim ary In te re s t  was th e  cond ition ed  suppression th a t  accrued 
to  the  l i g h t .  As the  groups d id  n o t d i f f e r  (F=1.2) in  responding 
d u rin g  the  rewarded tone , suppression r a t io s  (L/CL + T+3) are  a v a l id  
in d ic a to r  o f responding in  the  l i g h t  t r i a l s .  From F igu re  22, we can 
see th a t  a l l  groups s ta r t  w ith  a suppression r a t io  ju s t  above 0 .5 , and 
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FIGURE 22. Experiment 13i Nose poke data  
analyzed by suppression o f responding 
In lig h t t r i a l s  fo r the 4 days of stage 3»
le a rn in g  over days, the  e f fe c t  o f  Days was s ig n if ic a n t  (F=36, d f =3,63, 
p<0.0001). I t  looks as i f  the  le a rn in g  curves f o r  the  3 groups were 
ve ry  s im ila r ,  c e r ta in ly  the e f fe c t  o f  Group, and the Group •  Days 
In te ra c t io n  were both n o n -s lg n lf lc a n t  (Fs<1), However, th e  Group •  
B locks in te ra c t io n  approached s ig n if ic a n c e  (F=2.4, d f= 4 ,4 2 , p < 0 .07 ),
where the  3 b locks per day are  the  t r i o s  o f l i g h t ,  and rewarded and 
unrewarded tone t r i a l s .  In  Group P th e re  appeared to  be le a rn in g  ove r 
b lo c k s , w ith  r a t io s  o f 0 ,42 , 0,38 and 0,28 re s p e c t iv e ly ,  b u t n o t In
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Group N, 0 .39 , 0.32 jsuid 0 .35 ; Group Ü waa In te rm e d ia te  w ith  0 .37 , 0 .29 
and 0.28. Thus i t  is  p o s s ib le  th a t  Group P was le a rn in g  fa s te r  w ith in  
days; but i t  is  s trange th a t  th is  was not re f le c te d  as le a rn in g  across 
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FIGURE 23. Experiment 13# Data for time 
to f i r s t  entry analyzed by suppression o f  
entry  in ligh t t r i a l s  during stage 3 ,
The suppression r a t io  f o r  tim e to  f i r s t  e n try  shows Group P as 
most suppressed ( h i ^ e r  r a t io s )  d u rin g  l i g h t  t r i a l s  (F ig u re  2 3 ). 
However, the  Group d if fe re n c e s  are  no t s ig n if ic a n t  (F = 1 .5 ), nor a re  
any o f the  in te ra c t io n s  in v o lv in g  Groups (Fs<1). The s ig n i f ic a n t
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e ffe c ts  o f  Days (F=20, d f= 3 ,6 3 , p<0,0001), and B locks (F=7.8, d f= 3 ,4 2 , 
p<0.01) in d ic a te  le a rn in g  across and w ith in  days.
To r e i t e r a te ,  t h is  experim ent was undertaken to  see i f  the  
M ackintosh o r P earce -H all models were a p p lic a b le  when d e a lin g  w ith  a 
shock as an E1. M ackin tosh ’ s ideas suggest th a t  Group P should 
suppress the  fa s te s t ;  and fo llo w in g  Pearce and H a l l ’ s view about 
s u rp r is in g  E2s le a d in g  to  h ig h e r a s s o c la b i l i ty ,  we would expect Group 
N to  le a rn  the  fa s te s t .  C le a r ly  n e ith e r  o f these hypotheses have been 
con firm ed. In  terms o f group means, f o r  the  nose-poke response 
measure, Group Ü was the  most suppressed group! In  o rde r to  c la im  
th a t  th is  experim ent is  evidence a ga ins t USs changing a s s o c la b i l i ty  
due to  being an E l,  I  need to  show th a t  the  experim ent has been w e ll 
performed w ith  demonstrable le a rn in g  in  a l l  groups, w ith  l i t t l e  
va riance  between su b je c ts  in  each group. Over the  12 l i g h t  t r i a l s  o f 
the  t e s t ,  suppression r a t io s  f e l l  from  above 0.5  to  below 0 .3 . Thus 
suppression is  o n ly  moderate. Looking a t in d iv id u a l su b je c t means f o r  
the  la s t  day, shows g rea t v a r ia b i l i t y :  7 o f the  24 ra ts  have
suppression r a t io s  o f 0 .4  o r  g re a te r , and 6 had suppression r a t io s  o f 
0 .0 . The standard e r ro rs  f o r  the  3 groups were between 0.068 and 
0.095.
■Cfijacluglon
There was no evidence th a t  shocks increase in  a s s o c la b i l i ty  as a 
fu n c t io n  o f t h e ir  p re d ic t iv e  a b i l i t y ,  o r  o f how u n p re d ic ta b le  the 
events are  th a t  fo llo w  them. Our co rfiden ce  in  the  n u l l  hypo thesis is  
somewhat reduced because n e a rly  a t h i r d  o f the  anim als showed l i t t l e  
suppression. I t  is  n o t c le a r  why th is  is  the  case, b u t cou ld  be due
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t o  th e  la rg e  percentage (33%) o f  the  sucrose reward a v a ila b le  being 




to r - a X I ,  f ln d ln g g  i f  iJaa experim ents 
As I  sa id  in  Chapter 7 , th e  purpose o f th is  s e r ie s  o f experim ents 
was to  broaden the  range o f c o n d itio n s  under which a s s o c la b i l i ty  
changes have been sought. So, I  looked f o r  a s s o c la b i l i ty  changes o f 
bo th  CSs and USs, a c t in g  bo th  as E ls  and E2s (see Table 17).
Experiment 9 produced a r e s u lt  th a t  is  re a d i ly  exp la ined  in  terms 
o f a s s o c la b i l i ty  changes o f a CS when a c t in g  as an E1. For Group P, a 
tone p re d ic te d  the  occurrence o f l i g h t  and food , bu t Group N 's  tone 
was u n re la te d  to  l i g h t  and food . Subsequently, Group P con d itio n e d  
fa s te r  w ith  tone-shock t r i a l s .  This suggests th a t the  tone was
processed more in  Group P because i t  was a good p re d ic to r ,  as j
Mackintosh p o s tu la te d . A lthough th is  r e s u lt  con firm s p rev ious . ]
f in d in g s  th a t  CSs as E ls  can change in  a s s o c la b i l i ty  (see Table 3,
Chapter 7 ) ,  i t  can a ls o  be exp la ined  by Wagner’ s th e o ry . In  Group P, j
‘ 1
the l i g h t  and food w i l l  d is ru p t fo rm a tio n  o f a co n te x t-to n e  \  j
a s s o c ia tio n ; so th a t  on tone-shock t r i a l s ,  the  occurrence o f the  tone j
Î
w i l l  be more s u rp r is in g  in  t h is  group; hence, th e re  w i l l  be g re a te r j
p rocessing and fa s te r  le a rn in g .
The 3 experim ents th a t  f a i le d  to  show a s s o c la b i l i ty  changes o f a 
CS as an E l,  a l l  had procedura l problems, so cannot be construed as
c o n tra d ic to ry  evidence. J
Experiment 8 ( lo o k in g  a t  a CS as an E2) had a tone which was w e ll
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TABLE 17: SUMMARY OF MY EXPERIMENTS
CS US
??: 9
El No: 1 ,2 ,3 No: 4 ,12 ,13
E2 ??: 8,11 ??i 5 ,6 ,7
Not 10 Not 4
Key: The numbers r e fe r  to  the experiment numbers;
?? = some evidence fo r  a s s o c ia b i l i ty  changes;
No = no evidence a ga ins t the n u l l  hypo thes is .
p re d ic te d  (Group P), p o o rly  p re d ic te d  (Group N), o r  unpaired (Group 
Ü ), d u r in g  pre-exposure. The most obvious p re d ic t io n  frcm  a l l  
th e o r ie s  was th a t Group D would le a rn  s low est, due to  the f u l l  e f fe c t  
o f  CS pre-exposure. However, i t  le a rn t  ju s t  as fa s t  as Group P, and 
bo th  these groups may have le a rn t  fa s te r  than Group N. In  Experiment 
11, the pre-CS data suggested th a t  a tone th a t had been s ig n a lle d  
en tered in to  novel a sso c ia tio n s  fa s te r  than a p re v io u s ly  u n s ig n a lle d  
to n e . However, the  p a tte rn  o f r e s u lts  in d ic a te d  th a t  t h is  may be due 
to  d is h a b itu a t io n  ra th e r  than an increase in  a s s o c la b i l i ty .  The idea 
is  th a t  a p re v io u s ly  s ig n a lle d  CS is  unexpected when i t  occurs on i t s  
own, and so more a t te n t io n  is  paid to  i t .  This could a lso  e x p la in  the  
d if fe re n c e  between Groups P and N in  Experiment 8 : the  w e ll p re d ic te d
tone  undergoes g re a te r d is h a b itu a tio n  when i t  is  presented on i t s  own.
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T h is , in  essence, is  what is  p re d ic te d  by the  Wagner (1978) th e o ry . 
Th is  is  c le a r ly  d i f fe r e n t  from  a M ackin tosh-type a n a ly s is , which would 
argue th a t the  tone was being processed more in  Group P when i t  was 
w e ll p re d ic te d .
L e t us now tu rn  to  p o ss ib le  a s s o c ia b i l i ty  changes o f a shock. In  
the  3 experiments lo o k in g  a t  the  US as an E l,  th e re  was no tra c e  o f 
any a s s o c ia b i l i ty  change. U n fo rtu n a te ly , in  Experiment 4 th e re  was 
poor c o n d it io n in g  d u r in g  t e s t ;  and in  Experiment 12, the  groups had 
ve ry  d i f fe r e n t  I n i t i a l  d is c r im in a t io n  ra t io s  due to  a p p e tit iv e  
c o u n te r-c o n d itio n in g . However, in  Experiment 13, the  suppression 
r a t io s  were p r a c t ic a l ly  superimposed upon each o th e r; the  on ly  c a u tio n  
a g a in s t accep ting  th is  n u l l  hypo thes is  is  th a t  th e re  was f a i r l y  la rg e  
va riance  w ith in  the  groups.
W ith  the  shock a c t in g  as an E2, Experiment 4 s u ffe re d  from  poor 
c o n d it io n in g , bu t the  o th e r  3 experim ents produced tendencies f o r  a 
w e ll  p re d ic te d  shock to  e n te r in to  a sso c ia tio n s  fa s te r  than one which 
was p o o rly  p re d ic te d . This  cou ld  in d ic a te  th a t  shocks have h ig h e r 
a s s o c ia b i l i ty  i f  they have been w e ll p re d ic te d . B u t, once aga in , the  
Wagner th e o ry  is  ab le  to  e xp la in  these tendencies in  terms o f con tex t 
c o n d it io n in g . The p o o rly  p re d ic te d  shock w i l l  have a s tron ge r 
con text-shock a s s o c ia tio n , and so subsequently , i t  w i l l  be processed 
le s s .  Support f o r  th is  is  g ive n  by the  obse rva tion  th a t  the  group 
d iffe re n c e  was g re a te s t in  Experiment 5 , and in  t h is  experim ent I  d id  
n o t g ive  recovery days to  e x t in g u is h  the  con text-shock a s s o c ia tio n . 
These 3 experim ents bear on the  issue o f whether a M ackin tosh-type o r 
P e a rce -H a ll-type  a n a ly s is  is  p re fe ra b le . The data  are  conc lus ive  in  
t h is  re s p e c t; a P e a rce -H a ll-typ e  a n a ly s is  o f US a s s o c ia b i l i ty  changes
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£ufc.ure D ire c tio n s  
In  the  experim enta l cha p te rs , I  have discussed ways in  which the  
va rio u s  procedures can be im proved. Th is  was n o t ju s t i f i e d  in  Chapter 
10, because the  p a tte rn  o f re s u lts  c le a r ly  favoured a n a ly s is  in  terms
o f d is h a b itu a t io n , o r  Wagner’ s th e o ry . However, the  approaches in
Chapters 9 and 11 may be ab le  to  show a s s o c ia b i l i ty  changes o f a shock 
a c tin g  as an El o r  E2; perhaps w ith  a d d it io n a l c o n tro ls  to  d iscoun t 
Wagner’ s th e o ry . The purpose o f th is  present s e c tio n  is  to  ask why 
these approaches have, so f a r ,  been n e g a tive ; t h is  c o n tra s ts  w ith  the  
r e s u lt  o f Baker a l. (1981) and the  learned he lp lessness da ta , bo th  
o f which were discussed in  Chapter 7*
The c r i t i c a l  comparison in  Baker f i i  a l ’ s s tudy , was between a 
shock, pre-exposed in  another co n te x t, and one which had been





as E2s is  d e f in i t e ly  n o t supported .
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These da ta  suggest th a t  CSs th a t  a c t as E1s can change in  
a s s o c ia b i l i ty ,  and USs cannot. W ith  E2s the  p ic tu re  is  much le s s  
c le a r .  This is  p a r t ly  because o f the  confounding fa c to rs  o f 
d is h a b itu a tio n  and con tex t-E 2 a sso c ia tio n s  which do n o t seem easy to  
re s o lv e .
The in te n t io n  o f t h is  s e r ie s  o f experim ents was to  broaden the  
search f o r  a s s o c ia b i l i ty  changes. I t  was hoped th a t  a p a tte rn  would 
emerge th a t  would enable us to  choose between the  v a r io u s  th e o r ie s ; 
and, w ith  lu c k , a llo w  us to  in te g ra te  some o f the  lea rned  he lp lessness 
id eas . B u t, we a re  n o t ab le  to  do t h is ,  because the  data  are 
inadequate.
anim als showed more con te x t fe a r ,  bu t the  o th e r box su b je c ts  were 
s low er to  c o n d it io n , th e  au thors were able to  argue th a t  th is  re ta rde d  
le a rn in g  was n o t due to  a con tex t-shock  a s s o c ia tio n . That is  Wagner’ s 
theo ry  was d iscoun ted . A lso , d is h a b itu a tio n  is  no t a p la u s ib le
e x p la n a tio n , because a change frcm  lig h t-s h o c k  to  c lic k e r-s h o c k  
p a ir in g s  is  s u re ly  le s s  d is h a b itu a t in g  than going from  is o la te d  shocks 
in  a d i f fe r e n t  co n te x t to  c lic k e r-s h o c k  t r i a l s .  May be, w ith  my
procedures as w e l l ,  i t  is  necessary to  use a change in  con tex t to
avo id  these n o n -a s s o c ia b il ity  e xp la n a tio n s .
W ith  learned he lp lessness , i t  is  argued th a t  th e  E2 s ig n a ls  shock 
te rm in a tio n . Thus, V o lp ic e l l i  jgt. aL  (1984, p 2 8 l) say i t  is  p o ss ib le  
th a t  ’’the he lp lessness e f fe c ts  r e s u lt  from  the  absence o f cues
associa ted  w ith  shock r e l i e f . . . ” . So, in  t h e i r  experim ent w ith
shock— X o f f ) l i g h t  t r i a l s ,  they say th a t sw itch in g  o f f  the  l i g h t
s ig n a ls  the  end o f th e  shock; whereas in  Experiments 12 and 13, I  say 
the  shock s ig n a ls  the  rewarded tone t r i a l s .  P a r t ly  the  d iffe re n c e  in  
te rm ino logy  is  due to  th e  th e o re t ic a l pe rsp e c tive s , bu t th e re  is  an 
im p o rta n t p rocedura l d if fe re n c e . Learned he lp lessness shocks la s t  
many seconds and are  o f i r r e g u la r  d u ra tio n . There fore  an event 
s ig n a l l in g  shock te rm in a tio n  w i l l  appear to  cause the  shock to  s to p . 
My shocks have g e n e ra lly  la s te d  h a l f  a second, so a fo llo w in g  event 
does n o t t e l l  the s u b je c t a n y th in g  about the  shock.
Perhaps th is  aspect o f the  learned he lp lessness experim ents 
should be inco rp o ra te d  in to  a fu r th e r  c la s s ic a l c o n d it io n in g  
experim ent. For example, imagine a l i g h t  o f v a r ia b le  d u ra tio n , d u r in g  
which shocks are  i r r e g u la r ly  presented. For one group, ano ther CS
s ig n a ls  the  end o f the  l i g h t  + shock t r i a l s ,  w h ile  the  end o f the
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t r i a l  is  u n s ig n a lle d  in  a second group. Shock a s s o c ia b i l i ty  is  then 
te s te d  by the  ra te  o f le a rn in g  a tone-shock r e la t io n  in  a d i f fe r e n t  
c o n te x t.
Mathemtical Earmula t i mA
W hile d iscu ss in g  th e  p o s s ib i l i t y  o f E2 a s s o c ia b i l i ty  changes, I  
have ta lk e d  about M ack in tosh -type , and P e a rce -H a ll-type  ideas . Th is  
vagueness is  ju s t i f i e d  by th e  la c k  o f e m p ir ic a l evidence: a f te r  a l l ,
E2 a s s o c ia b i l i ty  changes may n o t e x is t !  N everthe less, I  s h a ll now 
presen t the  most obvious p o s s ib le  m a thana tica l fo rm u la tio n s . These 
a re  no t in tended to  be th e o r ie s . The purpose is  s im ply to  show th a t  
i t  is  easy to  be p re c ise  about these ideas.
M ackintosh (1975a) argued th a t  a CS gains a s s o c ia b i l i ty  to  the
e x te n t to  which i t  is  a r e la t iv e ly  good p re d ic to r .  I  expressed th is
m athem atica lly  as fo llo w s :
For an El :
d@(p) = |L — V (s—p ) Î — |L — V (p ) { — e
In  ray experim ents, i t  would be lu d ic ro u s  to  t a lk  about r e la t iv e ly
w e ll  p re d ic te d  E2s, where d i f f e r e n t  E2s are compared, because th e re  is  
u s u a lly  o n ly  one event which has been presented as an E2 (excep t, o f 
course, a l l  s t im u li  can be regarded as E2s w ith  respect to  the  
c o n te x t) .  However, r e la t iv e ly  w e ll p re d ic te d  can mean th a t  one El is  
much more associa ted  w ith  the  E2, than o th e r E ls . M ackin tosh ’ s 
fo rm u la  is  e a s i ly  m od ifie d  to  express t h is :
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For an E2:
d@ = |L -  V (s-m ax)| -  ÎL -  V(ioax) I -  e
where V(max) = a s s o c ia tiv e  s tre n g th  o f the  best p re d ic to r  
f o r  the  E2.
Pearce and H a ll (1980) sa id  th a t  the  a s s o c ia b i l i ty  o f  a CS
depended upon the  su rp r is in g n e s s  o f the  fo llo w in g  even ts. Expressed 
m a th em a tica lly , th a t  i s :
@ = IL -  V (s ) |
The idea th a t  E2s g a in  a s s o c ia b i l i ty  i f  t h e i r  occurrence is  
s u rp r is in g ,  can be expressed us in g  the  id e n t ic a l fo rm u la . The o n ly  
d iffe re n c e  is  th a t  §, the  a s s o c ia b i l i ty ,  re fe rs  to  the  E2, ra th e r  than 
the CS.
We can see th a t  i t  is  q u ite  easy to  be s p e c if ic  about the
fo rm u la tio n  o f M ackin tosh-type and P e a rce -H a ll-type  a s s o c ia b i l i ty  
changes. I f  E2 a s s o c ia b i l i ty  changes prove to  be r e l ia b ly  
dem onstrated, then i t  would be w o rth  ta k in g  these form ulae fu r th e r ;  
perhaps m o d if ic a tio n s  s im ila r  to  those described in  Chapter 3 would be 
re q u ire d . However, in  v iew  o f the la c k  o f success in  f in d in g  E2 
a s s o c ia b i l i ty  changes, such a n a ly s is  seems p o in t le s s .
How i t  works i n  ±h6 nervous system
The animal le a rn in g  th e o r ie s  discussed are a l l  ve ry  a b s tra c t.  I f
the  th e o r ie s  are  a ccu ra te , th e  re le v a n t com putations must take  place 
in  the  r a t 's  b ra in . But where? and how? There have been severa l 
d i f f e r e n t  approaches.
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Pearoe and H a ll (1980) when p resen ting  t h e i r  th e o ry , used a 
com putationa l diagram w ith  comparators and memories e tc .  However, 
they make no a ttm npt to  lo c a te  these processors in  the  b ra in .  Gray 
( 1982) ,  in  h is  theo ry  o f septo-hippocam pal fu n c t io n ,  c la im s th a t  these 
b ra in  areas are  in  'check ing  mode* when events are p re d ic te d , and are  
in  ' c o n tro l mode' when events a re  s u rp r is in g  o r a v e rs lv e . A lthough he 
makes no re fe rence  to  the  P earce -H a ll th e o ry , the  p a ra l le ls  are 
obv ious: checking mode equates w ith  low a s s o c ia b i l i ty ,  and c o n tro l
mode equates w ith  h igh  a s s o c ia b i l i ty .
Moore and S tickney (1980, 1982) use a form  o f the  M ackintosh 
th e o ry , which is  s im p l if ie d  from  a th e o re tic a l, v iew  p o in t ,  bu t is  more 
s o p h is tic a te d  m a th e m a tica lly . They c la im  th a t  the  hippocampus is  
necessary to  reduce the  sa lie n ce  o f i r r e le v a n t  s t im u l i ,  such as the  
blocked s tim u lu s  in  th e  normal b lo c k in g  experim ent. Here is  a 
s p e c if ic  a ttem pt to  equate one o f the  com putations in  a le a rn in g  
th e o ry  w ith  a p a r t ic u la r  b ra in  s tru c tu re .  I  th in k  t h e i r  r e s u lts ,  to  * !
da te , are  too  rud im en tary to  be ab le  to  assess the  va lue  o f t h is  ...-)
Iapproach. A lso , G arrud, R aw lins, M ackintosh, G ooda ll, C o tton and 
Feldon (1984) have demonstrated success fu l b lo c k in g  in  " j
hippocampectcmized r a ts ;  so Moore and S tic k n e y 's  p a r t ic u la r  c la im  may 
be unwarranted. 1
On a com p le te ly  d i f f e r e n t  ta c k , Hawkins and Kandel (eg, 1984), 
and o th e rs , have been w ork ing  on simple neu ra l systems in  the  g ia n t 
se a -s lu g : a p ly s ia .  They have been ab le  to  f in d  b iochem ica l changes '
th a t  u n d e r lie  le a rn in g  in  a c la s s ic a l c o n d it io n in g  procedure. A f te r  a i
few t r i a l s  in  which prodd ing the  siphon is  q u ic k ly  fo llo w e d  by t a i l  t
shock, the a p ly s ia  w ithdraw s i t s  siphon and g i l l s  when i t s  siphon is
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prodded, presumably in  ’ a n t ic ip a t io n ’ o f the  shock. Sensory neurones 
from  the  s iphon, synapse w ith  motor neurones which when f i r e d  cause 
de fens ive  w ithd raw a l o f  the  siphon and g i l l s  ( ie ,  the  co nd ition ed  
response). F a c i l i t a to r y  in te rneurones coming from  the  t a i l  sensory 
neurones synapse on to  the  p re -syn a p tie  p a rt o f t h is  siphon-m otor 
neurone synapse. They have shown th a t c la s s ic a l c o n d it io n in g  c o n s is ts  
o f changes in  the  syn a p tic  e f f ic a c y  in  these two synap tic  ju n c tio n s  
(on the  same c e l l  body). These synap tic  changes c o n s t itu te  the
c e l lu la r  bas is  o f t h is  le a rn in g .
A lthough b lo c k in g  has no t been demonstrated in  a p ly s ia  (as y e t ) ,  
i t  has been shown in  a m o llusc , Limax maximus (Sahley, Rudy and
G e lp e rin , 1981). Hawkins and Kandel suggest th a t  b lo c k in g  can be
exp la ined by re fe re n ce  to  in h ib i t o r y  in te rneurones which a lso  e x is t  in  
a p ly s ia .  Thus, i t  looks  as i f  b lo c k in g  w i l l  be demonstrable w ith  ve ry  
few syn ap tic  connections.
I f  a sm all c o l le c t io n  o f neurones (say, le s s  than 100) a re  needed Î
to  m im ic the  animal le a rn in g  th e o r ie s  I  have been d iscu ss in g , then :: !
t h is  questions the  approach used by Moore and S tickn e y . May be, ve ry  I
mary p a rts  o f the  r a t  b ra in  each have the re le v a n t process ing  j
a b i l i t i e s  to  fu n c t io n  in  the  way which the  le a rn in g  th e o r ie s  a ttem pt ""J
to  r e f le c t .  ^f ]
A lte rn a t iv e ly ,  e x a c tly  the  oppos ite  can be argued: A lthough the  - ^
f i r i n g  o f sim ple neu ra l c i r c u i t s  is  c lo s e ly  analogous to  whole r a t  1
behav iour, we do n o t knew how c lose  the  re la t io n s h ip  is .  The whole I
animal ’ com puting’ which is  m an ifes t in  behaviour may be im p o rta n tly  i1d i f fe r e n t  from  sim ple ne u ra l ne t com puting. The work by Schachtman s i,  . It
a l (1983) is  a good dem onstra tion  o f t h is :  how l i k e l y  is  i t  th a t
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a tte n u a tio n  o f b lo c k in g  by a rem inder trea tm ent in  a d i f fe r e n t  
c o n te x t, w i l l  be demonstrable us ing  ve ry  few synapses? And so, w ith  
’ re a l l i f e ’ co m p le x ity , le a rn in g  may in v o lv e  many p a rts  o f  the  b ra in , 
perfo rm ing  d i f fe r e n t  fu n c t io n s . Work l i k e  Moore and S tic k n e y ’ s may be 
ab le  to  tap  in to  these h lg h e r-o rd e r o rg a n iz in g  p r in c ip le s .
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